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AREA SURVEYED

The Sacramento-San Joaquin delta area is in the west-central part
of the Great Valley of California~ its westernmost, point bein~ 40 miles
east of San Francisco. The area extends up the Sacrament~ R~ver to
a poh~ w]tMn 90 m~les o!l SacPamento and south~vard up the San
Joaquin l~iver to a point ~v]thin 10 lni]es of Tracy (fig. 1). The some-
what irregular boundaries are drawn so as to include all important
areas of the highly organic soils that distinguish this relatively flat~
sea-level district and to exclude as much as possible the mineral sells
..that lie on.the m~rgins ~f the encircling valley plains.

~ Elvin ~Ioorehead, of the Federal Land Bank of Berkt~ley, Calif., assisted in the field.
work.

-" The Soil Survey Division was transferred to the Bureau of Plant Industry July 1, ]939.
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graphicThe Sacramento-Sanm~it, as to physiogTaphy,J°aquin deltasoils,areaandCOnstituteSagriculture,a anddistinCtcoversge°-a elevations of 200 feet or more, and on the other side the extensive body
of uneveh aeolian materials along the south bank of the San Joa_quin

.,~...-a...-. .. ~ total a~.a of 481 square miles, or 307,840 acres.. A ])art of San Joa-
Ri~-er east o~ Antioch reach elevations of more than 100 feet. £4oth.:.. . .::.... quinsacramento,County Contraf°rms morecosta,thanandOne-halfso]ano Ofcou~tiesth~ totalmakearea,upandthePartSrest, of features are described in detail ill two earlier reports (2, 3).

Two earl), reconnaissance soil surveys (~, 3) s ~olntlv corn,- ~h~ The larger streams, together with hundreds of minor waterways,
~ ...... " ....... - ........ interlace the delta and d~vide it into scores of interfluvial units, or~’i~ole o~ the ~acramento-San Joaqnln delta area; in these, tile organic

islands. The banks along these channels have been built up to heightsdeposits are grouped collectively under the designation of muck and of some 10 feet above the level of the adjacent ground, which is lower...... -~.. peat. In three re- than the stream. At one time,, streams overflowed the~ ridges during
cent detailed soil : flood periods. From this allu~ ial rim the surface of each island drops,

’~,::~r.:~:-,.~4::-~
surveys (2, 3, 5), saucerlike, with a decreasing gradient toward the interior. The cen-,~.-,,:.....~ ~,..... which cover cer- tral parts nearly everywhere lie below mean sea level.rain m a r g i n a 1 A century ago the delta area was a vast tule marsh. The purer.~:~: parts, some of this and denser stands of great bulrush, or tule (Scirpus lazustrls), occu-m a t e r i a 1 was pied the central part of each island, where shallow water coveredclassified as the the surface practically all of the year. On the stream-built ridges,,~ Egbert and the tales were replaced in part by a cover of reeds, sedges, and some woody:: ..... Ryde organie soils, hydrophytes, and in the shall ponds and lakes constituting the:’" Thepresentsurvev deeper headwaters of some of the minor sloughs~ waterlilies and..... ¯ . extends_ this cla~- associated water plants were connnon.:’:... ~, ~,~,~0 sification to t~e During the last 80 years, reclamation activities hay6 removed thYs~remaining area of virgin vegetation. Today the entire delta area is utilized for the.-
th.e. delta and es- production of crops, except a very few scattered areas---generallytablishes a more small islands ill the major-waterways--which relnain in their virgil~detailed differen- condition and support a cover of tu]es.
~iation of these Levees,~ of mineral alluvium wherever available, have been built:a n d associated up along all the important stream ridges, confining stream chaLmel~":.. soils, sufficiently large to carry the normal floodwaters, lntersectin~The p h y s i o- canals, protected similarly by levees, have been cut across manygraphic aspects of the larger islands. These provide additSonal protection from over-the Sacramento- flo~: and ,a.!~so faci~itat_e .drainage of.the enclosed cropland. The land..-,.~. San goaquin delta surface sri~ is se~ eral feet below the natural level of the water and

:!:.:( area are as dis- necessitates a more or less constant operation of pumps to li~t thetinctive as i~s soils, water from the intea-ior drainage systems over the levees intoIt h’~ many of the stream channels.
characteristScs of a The delta area is now divided into more than a hundred definitely

Fmw~ 1.--Sketch map showing location of the Sacra- delta at the conflu- named islands and tracts, each a complete reclamation unit or distric~mento-San 3oaquin delta area, Calif. ence of the Sacra- with levees, drainage systems, and irrigation facilities. Some ideamento and San of the completeness of reclamation can be obtained from tileJoaquin Rivers, and this fact accounts for the general usage of that that the total value of crops ~own in the delta during the lO-year~..:,~ desi~ation. Somewhat ~nore correctly, however, the area represents pe~iod 1924-38 amounted to $250,000,000, an average annual re~urn":.: : a marsh-filled structural basin, in wl{ich the drainage from 58,000..... ’ for the entire decade of only slightly less than $1,00 per acre of;’.,.::)V:-":I square miles is temporarily restrained before passing on a westward cultivated land.
5:’/:.-::-~ ¯ course through the relatively narrow Carquinez Strait, its single The hundreds of miles of navigable waterways ~ are at. the. same.
,~.~:~..,,~.~;~ ..... outlet to the sea. time an economic advantage and a disadvantage.~..~.:!.::’~~~. :... .Throughout its entire extent, the land surface of the delta lies

. Shall~ow,--draft b,,oats che~qply transport the g~eater part. of the crops~~.::..: apprbximately at mean sea level. At only a few points do the eleva--~+,.~," ..~?~ ~o lnarKe~, over these waterways. Large passenger-cargo steamerstions rise to heights of 15 feet above; whereas in many places it is as lnaintain regular ser~dces froln’San Francisco to ~oth S~ockton and~’:-~"-:-~ much as 5 feet and in a few places more than 10 feet below sea level. Sacramento. In 1933 completion of a deep-water channel enabled- There are two unimportant exceptions to this generalization. Along t.ransoceanic ships to reach Stockton, which is rapidly becoming am.,~ one side of the western apex of the delta area the Montezuma Hills important i~fland seaport.
.i::~ " bordering the Sacralnent.o River southward from Rio Vista, reach

a The estimated total length of present levee systems is about 1,500 miles." "".’~..~-’- :" a Italic numbers in. parentheses refer to Literature Cited, p. 47. ¯ The total length of navigable channels is estimated as b~tween 600 and 800 miles.
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%̄~~:~ ~.~ .. ..". In contrast~ however, travel by land ~s materially handi~xppcd by extremes of ~mp~rature. ~e mean teml~i’ature is about 60° F. for~:~[~:,~ ~:~-:’ y.. the multiplicity of waterways2 A score of coun~-operat~d ferries the year~ ~tween 45° and 50° ~or the 3 whiter months, and between
and a small nhmber of private ones transfer vehicles and passengers 70° and 75° for the 3 sunder months. The average len~.h of the

~.::....:...... from one island t~ another~ although gradually brid~es are bein~ fro~-free ~a~n, that is~ betw~n the las~ ~ll~ng fl’ost and the
¯ ’. ’ buil~ as finances permit. In general, ~ads and b’u~ld~n~s are of ~oo~ ]~]]~ng frost, ~s ~most 10 months.
~: ...."" const~ction and are maintained w~t~ difficulty~ owing t~ wet*and The mean annual rainfa~ varies slightly ~n different parts of the

u~tabl6 ground conditions. Wherever possibh they are ]oca~d area. It reaches a maximum of about 18 inch~ h~ the central and
along the levis or on other h~gher and less poorly droned sites, eastern par~ and a minimum of 10 ~ 1~ inches in the southern part..

The principal roads ceremony follow the cres~ of levees or ~m zone of lower precipitation ~pre~nts the influence of the Mount
traverse the pa~,~cu]ar island along the mineral ridge of some former Diablo block ~ fl~e soufl~w~t~ as the rain-bearing win~ ~mmo~y
channel. Only a few ~portant arterial rout~ are paved, and ~hese blow fl’om that direction. More than 50 percent of the annual pre-: " are the only ones suited to heavy traffic in all sea~ns. One of the cip~tion falls during the winter, and less than "5 percent during the

.... ; ~..-::: mor~ ~por~ant ~s ~e Borden H~ghway~ which extends westward smnmer~ whid~ at tim~ ~s entirely ra~nl~s. Despite the ab~nce of
,:.’:.’"~;~?,:.~. fl’om Stockton across the southernhalf of the delta. ~other, th~ summer rdns, the atmospheric humidity is moderately high, owing

R~ver Route, ~ollows the ba~ o~ the Sacramento ~iver. Along th~ to fl~e e~ensive areas of free water surface and to the fogs.
~:" later highway are Rio Vista, Xsle~n, Ryde, Wa~ut Grove, and The United States Weather Bureau does not maintain stations
::~,~ ~ther small towns of the delta. Along it also, ~peci~y in fl~e within the delta area, alflmugh re~rds cover~g 50 yea~ or more are

.. x ic~ity of Walnut Grove, are many large and beautiful hom~, which available ~om stationsjus~ out, de its boundaries. Table 1, corn-
contrast si~ifi~nt]y with the dwellings-in other par~ of the area. piled from re~r~ o~ the station at Antioch, for the period 1879-1938,~:~- No large urban settlements are withh~ the delta area~ although ~vera] pre~nts data typical df the westem~ part of the area. Table ~, com-

=~:.~ ,~. are ju~ outside i~ boundaries. Of these, Stoc~on~ with a popula- piled from the re~r~ of the station at S~ckton, ~vering the period
. "~ tion o~ 4L963 in 1930, is fl~ nearest ~nd mo~ impo~ant. 1867-1938~ refl~ts climaticconditions in the east-central section. Tabl~~’~" = Th~ San Franci~o-Barstow l~e o~ the A~hison, Topeka & Sant~ 3( reporting tim montlfly~ ~on~l~ and am~ual precipi~tion for the

F~ Railway, which more or ]~ss parallels ~e Borden Highway, is s~tions at.~o Vi~a, Galt~ and ~acy, ur~ more or ]~s charac~ri~ic
~:~ only railroad flm~ actuary traver~s the del~ area.. A line o~ tho of the northwe~ern, no~heaste~m, and southea.ste~ par~ of th~ area~~
Southe~ Pacific Company swings through ~acy, ski~ the south- resp~tivdy." ~:" ern ~ar~of.the area ; ~d its branch,, a~ell ~ those of ~e Western~:~: ~acffic ~lroad and the Sacramento ~ orthe~m Railway (el~tric)~ T~ 1.~yo~a~ ~onthly, seat~aI, and an~ual temperat~re a~d ~ec~p~taHo~

..’.:~ ~: ex~nd into some of ~e more northerly parts, at Antiool~, O~.tra Oosta Oou~.ty,
:,.-.’.~: " ~du@rial devdopme~ within the ddta area is.represented chiefly Is~uo=. 46 f~t]

by ~e several large ~anneries along the Sacramento River. These
:a~ primarily ~n~rned wifl~ pressing ~he large ~ara~s crops;.~ w~tu,~
som~ 90 p~rcent of ~e world’s productio~ of canned aspara~s is ....
r~ported.to ori~a~ in the~e ~lan~s There is a small min~~ ~o=t~ --t~ ~. tl~o~. . . l ¯ . -oll dis- Absolute Ab~lu~ ~f~n for the dr~" ]     for. the. et-~~:: t~ery, on. V~ctorm. Is]and~ and a large~ sugar_ mill ~ ~                   ~Dr~-%~--- ~-~f

~ M~ ~um ~imum y~r (18~)                ] ~Y~e~ion on a rote near Clar~burg~ ]u~ north of the delta area ....
~en comple~d, the latter will be the third ~ch factory ser~ng .~. .~. .~. ~,a~, ~a~
the ~gar-b~t ~owem of this ~c~i~y. The o~her two ~e at Man- .: ~.__2 .................. ~.~ ~ 2s ~.~ .~t~a and Tr~y~ out’de fl~e area. They r~ive fl~eir shipments of r~ ~-a a ~t ~-2~ ~-~ -~2

.-:".. b~ts by barge or by rail. whm ................. ~ a ~ ~.n ~.a
.... ~ CLIMkTE ~ ........................ ~.7~ ~ ~ L~ .~ ~.s~

~..~:;..:~ ~,.. b~n ......................... ~L 1 ~ ~ . ~ . ~s .
~ay .......................... ~ 0 1~ 3~ .39 .40 1.

The Sacramento-San goaquin delta area, with its hot rahfl~s stun: s,ri=g .................. ~ ~ ~ = ~. ~ L ~mers and cool moist winter, has a Med~rranean ty~ of climate.
~u~e ........................... ~.= m ~ .~0 .~o-": ~ol ~ean breez~ blowing inland through ~e Ca~uinez Strait x~duc6 ~ .......................... ~a ~ ~ ~ . el . ~ ...... ~.:- ~ -~ summer temperatures ~mewhat below tho~ o~ other parts of the Great ~st ........................ ~a ~ ~ a ..... . ~ .~ .

.~ ..: Xn~rior Valley. Bemuse of tiffs h~fluen~, much of the delta may even sam~ ................ ~. 0 m *~ . ~s . ~0
berestricted ~ the ~ol M~iterranean ~bt~6 (Csb~ of Ken~.~’~ - ~ ~ .s4 .~¯ ¯ , . . . . x x z ,~ ..... ~6ptem~ .................... 71.9(S) ......................       =classfficahon    . Fogs or~gmat~g outside the Golden Gate dur~g Nov~ .................... ~.~ ~ ~ ~.~ .~"s~er, and lo~ ng ~n~r, ~nd ~rfl~er to ameliora~ the

~ .................... ~.~ ~ ~ ~.or .~
; ~ A few of ~e islands, especially Rindge Tract and Mandevflle, Medford," and Woodward Y~r .................... ~2.1 112 14 ~. ~ ] 4. ~" Islands, and somewhat smMl~ islands in the h~rt of the delta, still are accessible only by

water.                                                                          -
~ Trace.
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RECENT RECLAMATION METHODSt]~e construction of simple levees--a comparatively low o’ne to bar
the ~nflow of surface w~ter from nearby higher lands, and a slightly Toward the close of the last centur.y, the development of
higher one along the river to prevent .~nundation during ~erio~s of ~hell dredger r2x~lutionized the consh:~ct~on of levees in the delta area.
hea~y run-off. These levees were built,of mineral alluviu~n’by means
of plows and scrapers. ~o ditches were constructed, and no ~rovi- surface materials. :~[any of them ]iteral’Jy were hand-made. Land-
sion was made for drainage. The land produced heavy yieIds of owners who could afford to build their le~,e~s highest were least h~jured
barley and wheat during the winter and spring and in addition pro- by floods~ although in every year the seasonal high water breached
vided pasturage in other SOlSOnS. n~any levees, inundated large tracts of land, and put them, temporarily

Reclamation soon extended deeper into the delta, encompassing some , at least, out of production. The floating barge and long boom ~ of
of the outlying bodies of peat land, and here ~ slightly more colnplex

the clamsl~ell dredger allowed deep cuts along ~]~e outer side of theproblem arose. The higher water table necessitated some provision levee, making the underlying m~neral material a.~ ailable for the build-
for drainage, and the increased difference between ]and and stream ing df higher and stronger levees (pl. 1, A).. The new method of con-
levels necessita~d higher levees. Tidal gates were built into the struction not only advanced reclamation into the very heart of the
levees, to which, in some instances, a simple system of drainage delta area but al~o led to a reorganization and refinancing of most
ditches conducted the excess water, of the older units. By the close of the second decade of the presentMany interesting and ingenious methods of construction were ~ried century, practically the whole of the delta had been reclaimed.
in the endeavor to erect levees o~ peat. In at leas~ one instance,
large blocks of this matted fibrous material were dug out and ca.re- IRRIGATION AND DRAINAGE
fully fitted into two parallel walls, the space between being filled with
loose material. Elsewhere, redwood posts were driven along the The advance into the heart of the delta area created far more complex
outer slope to support a mat of willow brush protecting the less problems than those experienced in earlier years. Not only was it
resistant organic material of the ]evee. All such me~.hods prove~] necessary to construct higher and sturdier levees, in order to ~%oid
ineffective, however. The only levees that resisted the ~loodwaters inundation, but elaborate drainage systems also became essential ~o
were those built of min~=ai material an.’.[ situa~e~ al0~~ maintain the water at an optimum level for plant growth. Originally,
~g~~. ~ pumps apparently were in,tailed along the levees to remove the flood-
---Despite numerous cosily and disheartening failures in the con- waters impounde~l after a.-break in the levee, so that the land could be
struction of levees during these early yea.rs, the notably high yields returned to production as soon as possible after the break was repaired.
obtained on the organic soils stimulated ~rther advance into the Later, their use was extended to lifting excess ~ater over into the
deltaJ During the period from the early sixties until well into the stream. The drainage sys~_em gradually evolved from simple ditches
eighties, many reclamation units were organized with varying de- into the int.r~cate system new.used throughout fl~e delta.
grees b~ success. ~.ny failed tO pass beyond tl~e initial promotion- A~long with the ~levelopment of faeiliges for drainage came a belated
stage, others carried on for ¯ few seasons of crop production before recognition of the need for irrigation. As the two procedures are so
succumbing ~o the force of the waters,, and only ~. very ~ew man- closely related, the presen~ methods for both irrigation and drainage
aged to survive to the present day. " - can best be presented together. Water for irrigation is withdrawn

from stream channels in three ways : (1) Through a culvert or floodgate,During the last quarter of the nineteenth century, the greater part
o~ the ~arming was performed by orientals, who outnumbered the white 2 which p~netrates the levee; (~-) through u pipe siphon, which arches
~armers. The Chinese first beg,~n farming on Sherman Island in 1870, upward to a point just below ~he crest of the levee; and (3) by pump-
uf~er having built levees around a large part of that island by hand ing, which may involve a specific plant or may consist of operating the
and wheelbarrow. They were flooded ou~ in 1878 and reestablished drainage pump in reverse direction. The second method is used most.
themselves on Staten Island in 1881. In Sept.ember 1881 an English Irrigation water is generally carried in ditches about 10 fee~ wide.

These ditches parallel the levee about 100 feet inside the inner toe andConcern attempted, the reclamation, of       .a vezT large acreage on both
:Roberts and Union Islands, but damagmg floods caused heavy losses, discharge int~ lateral ditches ~ feet wide, dissectin’g tim island into

checks ranging in size from ~0 to 50 acres. The water flows from these~!ost of the financial backers of reclam~tioh during this period ex-
laterals hlto sfi~aller te~porary spud ditehes~ about 10 inches wide andpected to receive large returns through leasing to companies ~ormed

by orientals. Largely te obtain the high rentals offered by these about ~0 inches deep, ~hich parallel the crop rows at intervals of 50 to
groups~ reclaina~.ion was initiated during this period on tracts and ¯ 100 feet.
islands including: (1880-8~) -~ewhope District, Bishop Tract, and ,WaMr is raised to tim desired height by means of dams in the ]a~ral
Twitohel|, Andi’us, and Brannan Islands; (1886-88) Terminous and / ditches and by means of baffles in the spud ditches, causing the ground-
Brick Tracts; and (1893--97) Grand and Coney Islands and Clifton .’ :~vater level to rise in each check. The ground water is maintained
Court, Drexle~.’, and Smi~ Tracts. . .///diffe_rent levels ~r different crops .and for different stages in growth of
’ ~A ~ewa l~em appearing in the Stockton Daily Independent on ~’une 18.1857, reported ~ : *At present these large dredgers are equipped with 150-foot booms and with bnckets
that’I0 acres of peat lanc~ on Rough and Ready island produced, during a 5-month. period, l ;/ handling 3 cubic yards of material.
2,~300" ]~eads of’cabbage, ~,eo0 muskmelons, ~0 bushels of tomatoes, 1,000 pounds ox onions,
20,000 Do~n~]s of potatoes, 200 bushels of corn, and 2,000 po~n~s of squash, in addition to 264678---41~2
qdantities 6f beans, peppers, beets, and radishes.
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the same crop. For instance, in the production of celery the water Sugar.beets were first produced in the delta only within the last two
I):.:~::!! J-"..L .. table is held practically at the surface, decades, although for more than 40 years they have been grown on
’ :" " " " " Excess water from the spud ditches generally di~.charges into ditches surrounding mineral soils. They were first planted in the northern

that carry the water supply to the next cl~eck. Ultimately the excess part of the delta, where the soils colmnonly have a somewhat lower.:-~ ’::i.- water on’pries into drainage canals. ]~o~t of the larger canals are content of organic matter than those in the southern part. High
¯ ..:-’::::;--: ~i~" about 10 feet deep and ~5 feet wide. These canals conduct the excess yields in some places have encouraged heavy plantings during recent
"-~": """ -~ water to the pumping plant, which li~ts it overthe levees and discharges years throughout the entire delta. Many of these plantings, however,~~’.:::::i:., it back into the stream channel outside the levee. During the early days have given disappointingly low returns on the more highly organic

~ :’~’:~: : ’: soils.of development most of the pumps were operated by steam; today
~---~: practically all are operated by electricity. Thepresent trend is toward °

~’-:"~J%~!:<~:~ ~he installation of automatic controls because o~ their greater accuracy PRESENT CROP ACREAGES

;"-’-- ~-"=-".. and economy of operation. No separate data regarding crop acreages and yields in the delta
"~ .... " area are available for the earlier years. Accurate data covering the

DEVELOPMENT OF INTENSIVE AGRICULTURE 10 years 19i~-38, excluding the years 1933-37, collected by the Cali-
fornia Department o~ Public Works, Division of Water Resources,
form the basis for table ~.Hand in hand with increased security from overflow and greater

::: control over the ground water, an intensive agriculture develope~ in the
-.~ :-.= delta~rea. It had been a col _ninon practice after the initial reclamation TABLE 4.--Acreages o~ i~’rigated crops and ~onirr~gated crops and tota~ acreage~

:o.:, ." " "’~ to de~ ore thb~’~’~t season to hurnin_~ the~drv ~Jles-~n~ otl~er~i~6 .Draper-- reported in the ~acramento-~an Joaqu~n delta area, Calif., ~or stated years

~,~,._:::.:- ing~ l~nd for crop production. Sma!l gi’ains--principally wh-eat’
barle~,~were grown, and yields of ~5 to 35 sacks ~ per acre were com- C~ops ~.~ 1~2~ 1~ 1~ 1~ 1~ 1~0 1~1 ~

.... :: men. Potatoes, yielding from 150 to 250 sacks .per acre, and onions --’ .... .
:’:’):’:’" Acies Acres Acres Acres AcresAcres Acres. Acres lAcres’Acr~

.,-;:.. were grown in alternate years by many farmers, l~any islands were Irrigated crops:
...."-:~,~-,:.--.=: utilized to pasture dairy a~imals and oth,’.-r livestock, which were re- ~lfa ................. ~.0~ 2~,0~I ~.~,~s ~.~s ~.~2~,0~s 2~,~0 ~..~s~l ~.~s s~.~

Aeparagus ............... 54,129 51,074 55.601 47,897 53,97162,044 70.269 70,580 71,70~ 77,Bll

,.’. moved to higher lands soon a~r the water in the streams began to rise. ~es,s ...................s~, ~9 s~, ~9~ ~, s0~ ~7, ~s ~s, ~s~, s~ ,~. ~65 ~2~. 9~2 ~. ~ ,~0,
Sugarbcets ............. 21,37~ t6.68~ "7,936 14,527 14,722~21,553 24, 058 ~30, 915 28,621 ~36.311

If a few seasons elapsed without serious breaks in the levee, itwasnot Celery.             4,65~ 5,33~ 7,392 7,888 7,813 8.721 5.659
Corn ......... 27,392 PA,0~ 23,955 26.944 40,268 40,855 54.533=55;798 62.80~ 40,45~

::..:/:.:i: unconnnon for potatoes, onions, corn, and other intensive field crops Fruit (mest~y pears) ....16.180 12,77,~ 17,771 17,261 15.763 14.935 14,504 10.775 9,48~ 6. I9~

to replace the grain entirely.
~

. Grain and hay ..........S1,853 11,16~ 33,196 34,723 43,632 39.112 35.452 65,086 79.99~ 89.82~
Onions .................. ~.8~ 5.9S~.

5.~I~ 4,~40 3,668 4,159 4.341 ~3.769:3,~Jc~ ~I.30~Following the reclamation of the more centrally located tracts, where P~stur~ ................. 1. 0~ ~, ~,~; ~, 1~ 2.7s~ ~, ~ 2, 7~ 7, ~s~ ~. 7~s ~. 0~ 1~,
the soils were forined from organic ~naterials, accidental fires caused Potatoes .................27, 8?2 22, 071 21, 503 28, 422 24, 914 18, 046,18, 839 18. 042 14.65~ 10.

Seed crops ...............930 S, 45f 2. 883 S, 52{} 6, 453 9, 515 5, 352 8, 967 5. 844 3,
almost as severe damage as ~id breaks in the levee.. Many of them Othexcrope ............. 4,021 4,73] 6,471 3,590 5,909 7,678 15.334 ’6.498’10,71~ 11.99~

started bv~_b_~_p__~s $~’om~ l~.rn._~hinery, and t~lYy- - Tota~ irrigated crops t 260, 231 227;08~ ~4, 479 265, 770 288, 499 ’2~2, 845 ~12, 433 SdS, 355 ~38, 02~ ]38,
bum---~-~til;quenched by autumn rains._ As soo~-as the ’deStructive’- ~eni~i~te~ope:

Grain, hay, and pasture_ 78,41~ ........................49,30~ 78,4d4 93,506 30.239 29,14f 30,81~
’" " ~ess oi the.~e’ liras was ~ully-realize~, tl~d- farmers tried to check them ~om ................. ~2%’--~ 405, 7161420, o~ 421,000 421, oGo 435,0001437, f~66 ~34, 909 ~34, 90~ ~34, 90~quickly. The commonest method was to breach the levee and allow

’~’.": water to flow in from adjacent stream channels. This method with , From Reports of Sacramente-San Yoaquin Water Supervision, California Department of Public Works,

’.:-..:.~
minor changes continues in use today, of Divisi°n of Water R~courceS.crop acreages was made during(f1’PP’SM’~67;1~’~J’SS:IS’p’109;I~’P’I~;~’~J’I01;I’~)’l~0"~the period 19P~-$7, inclusive.

No c~nsus

~ Includes some second crop or interpinnting.Asparagus, now a principal crop, was not planted ex~ensively
.,~..- =~-; .o" before the nineties, Perfection of the calming process gave the impetus ~ Irrigated fields, totaling 4,118 acres, were flcoded and produced no crop.

.. to the rapid rise of asparagus production. A cannery was erected on The told] gross value of the crops grow~ in 1931 was almost $~3,-
Bouldin Island in 1892~ and the profitable demand for its produe~ was 000,000 of which sum asparagus contributed over $7,000,000, sugar"’ ’:.~i~ ; : reflected in the extensive acreage planted to this crop in the immediate beets over $3,Q00,000, potatoes almost $3,000,000, celery almost $9,-~ ~-,: ; vicinity of the factory. Later a second plant was erected on the same:-;’~:~ "~-..I 000,000, and corn and fruit over $1,000,000.~° Asparagus, potatoes," island, and planting totaled nearly 10,000 acres. In 190~ a disastrous celery, corn, ~nd onions are grown almost exclusively on the more~:~’~-~"::’"~: i flood covered Bouldin Island to a depth ranging from 10 to 90 feet highly organic soils. Intensive cultural practices, much hand labor~ 2or nearly a year, despite tremendous expenditures of effort and money and, in general, heavv applications of fertilizer, are involved in the

- to free the land of water. ~u the meantim~ the crop harvested from ~roductic.~ of these c~o~s. It is a colnmon practic~ among the better:: ~:"-: ’:" !i the small plantings, of asparagus in other parts of the delta brought - .. r. ........-~ " estab],~sh~Al growers to fert~hze their land for potato crops w~th van-_ such relatively high prices that asparagus soon became established on ants/of% 0-10-12 ~ fertilizer at the rate of about 1 ton per acre, or
most of the islands. This crop now occupies over 77,000 acres, of a/0:/20-2~ mixture at about half that rate. ’

~ The capacity of grain ~acks in the different markets In California ranges from 100 to                              " !
125 pounds, but the general average is about 2 bushels.                                                           ~ Da’ta taken from table 94, Sacramento-San Joaquin- Water Supervtsor’s Report for the

year~.P31 (14, p. 21~).
n.:Percentages, respectively, of nitrogen, phosphoric acid, and potash.
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F~it (clfiefly Bartlett pears), 5cans, alfalfa, and seed crops arc re~ion has recently b~ome a subjee~ of intensiv9 investigation. With
grown, for the most part, o~fly on the somewhat better drained, le~ the approach of each dry summer when ~tream run-off is scant, the
hifflfly orffamc softs and mineral so~ls, s~ch as those along the major wa~rs o~ th~ chammls temporarily become increasingly saline. In
strum channels or bordering the delta~ploper. The methods u~d a few recent years, especially 19~, 19~6, and 1931, the limit o~ salinity
are similar to thos~ used on mineral soi~ in other pa~s of the State. permissible for plant growth in irrigation waters has extended well
~ere, the particular advantage lies h~ the ample and inexpensive sup- inland. At such ~imes ~’owers suspend the ]at~ summer irrigations
91y of water.~or irrigation. Fe~ilizafion is no~ generally practiced , ~rom affected channels.
~or these crops. Th~ general pracficz o~ subirrigation promotes tlm concentration

~q~eat and barley~ ~or bofl~ ~-ain and hay, as well as sugar beets of s~lts in tim surface soil, where it consfitu~s ~ menace to crop pro-
and truck crops, are grown to abou~ an ~ual ex~nt on organic and ’ duction. The organic soils are e~remely permeabl~ and have a high
mineral softs. Spud-ditch subirrigafion is practiced on the organic water-hold~g capacity. SMt-laden moisture rises particularly rap-
soil% whereas surface irrigation through lateral ditches is used for idly in them during the drier seasons of the year because of the high
sugar beets and truck crops on mieral soils. On the latter soils wa~r table. When ad~uate underdrMnag~ is maintained~ the win~r
the grah~ and hay crops arc ~]dom if ever irrigated. Sugar beets rains tend to wash much of the surface accumulation of salts down-
and truck crops receive occasional applications of fertilizer; gene- ward into fl~e soil mass. Thee movemen~ are surprisingly rapid
rally they ~ollow som~ other crop that has been fertilized, and extensive.

If the movement of soil nJoisture could ~ mMntMned predomi-
LABOR nantly ~ a do--ward direction~ little or no accumulations of

would result. Already som~ growers are experimenting with
Despite tl~e passage of the Alien Land La.w in 1913, farming Brae- methods of surface irrigation~ ~or example, the use of, overhead

~ices ~n the delt~ area continu~ to show ~ marked Asiatic quMit~, sprin~er uni~ on small ar~s. Caution must b~ used in r~ ersing the.
dir~tion o~ the movement o~ soft w~r~ how~ver~ ]n order to avoidLarge labor gangs, chiefly Filipino% ar~ employed on the ceatrally

located tracts and island% where they prowd~ th~ hand labor ~or ~xc~ive ]~aching o~ ~he soft with th~ consequent loss o~ th~noramany sud~ crops as asparagus and sugar be~ts. Japane~ and Chi- soluble plant-nutrient elements.nese ~oremen ~requ~nfiy head labor gangs, and American-born mere- "
hers o~ both tl~es~ races lease and operat~ important acreages. BURNING AS A CULTURAL PRACTICE
Although a large Barb o~ the landowners continue ~-he old met~ds’.
of leas~g and large-scale operation, there is some trend toward a Burning is ~1 too common in the delt~ ar~. Controlled firing of
closer set~ement by native-born Caucasians ~ general however. ~he surface soil has been practiced for many ye~r~r~parat~o~
lack of potable water for hou~ho]d use and .%he domn~ant physical ~) potato fields." 1~ el~inatds m~ny 6f th~ ~eed%’ ch~ckssome pests~
landscaps .d~scqurag~ ownership of small tracts and erection of qiak~ ~v~ubl~ ~ larger quantity o~ potash~ and produces ~ smooth
attractive homes. ’ - " ......... fine-grMned filth ~ the fidds. "

~everflmle~ this pr~ti~ has lowered the surface leve]~ increasing
AGRICUL~RAL PESTS AND PROBLEMS fl~e ~s6 and difficulties of drain~g~ throughout ~ large pa~% of,the

The qualities of soil and mo~ture flint promote the high crop delta areu~ and may ultimately threaten th~ economic feasibilit~ of
fa~ing the-land. The ratio between tim volume of unburn~l)fidds likewise h~duc~ luxuriant~ persistent~ and costly weed growth, organic soil ~d that of resultant ash is uppro~mately 6 to 1 ; ~ 6-inch¯ he price of control is ~ long-continued and weM-directed cultural burn~g~ fl~erefore~ lowers the surface level by abou~ 5 inch,.~- Sur-operation involving both hand and mechanized labor. The eelwol~

(a. nematode pa~.icu]arly dama~ng to potatoes) has hea~ly infe~ed veys along ~ 10-mile line ~cross ttu’ee reclamation units ~ that are
~armed in a~ord~nce with generM practice show ~ ~tal average sub-a f~w sections. To elimiim~ these pests ~ common pract.i~ is to siden~ during ~ l~-year period of some 27 inches or approximatelyburn th~ topmo~ ~ew inches o~ tim soft. Althoug)~ this destroys inches per y~ur (10). Controlled burnings have be~n responsible for~quantities of weeds and undesirable seeds, tim practice is of doubtful . ’ mos~ of tlfis subsidence. "

efficacy agains~ tim nematode.
~ Like erosion in tl~e upload m~neral soils, such fires destroy a large

’%L~LI" part of the land ca.pit~l o~ the zarmer. The ~neven configuration of
completely burned" areas ag~’~va~es the problem of irrigation~ drain-~ Farmers in many pa~%s of the del~a must con%nd with nlSurlous age, and~ehltivation. Not the lea~ important ~njurious effe& of

~~~~;~~~~~

burn~g ~dthat=__s~    ~, t air d~troys~ ~ onlya the.         ~ ....0rganie ~d, olatil~ m~tter and

The advance of saline ~ater into the delt~ channels ~rom the Ba~ ~ca’~ B,hc~n:~ ~OandSho~v~ffldredeCevene larg~r.tnisl~ndsthe losSeSande ~werinndv°lume’bUrne~ones fnTract.tbe laboratory of ~e .Divlslo~ of



14 UNITED STATES DEPART~ENT OF AGRICULTURE S01L ~URVEY OF SACRAI~NT0-SAN JOAQUIN DELTA AREA~ CALIF. 15

leaves the mineral material behind. Thus, the concentration of :Ryde silty clay loam are soil types within the R.yde series. Except
soluble salts tends to increase in the surface soil where this condition ~_or the texture of the_surface soil, these soil types have approximately
causes the greatest damage to crops. ~ the same internal and external characteristics. The soil type is the

principal unit o~ mapping, and because of its specific character it is
SOIL-SURVEY METHODS AND DEFINITIONS usually the soil unit to which agronomic data. are definitely related.

A p]mse of a soil type is a variation within the type, which differs
Soil surveying consists of the examination, classification, and from the type in some minor soil characteristic that may have prac-

mapping of soils iu the field. ’ t]cal significance. ~fferences in relief, stoniness, and the depth to
a discordant underlying material frequently are shown as pha~es.The soils are examined systematically in many locations. Test

p~ts are dug, borings are made, and exposures, such as those h~ road ’ For example, :Ryde c]ay~loaln, shallow phase, is differentiated andor railroad cuts~ are studied. Each excavation exposes a series of mapped in this area. ~’ithin the normal range of relief for a soil
distinct soil layers, or horizons, called, collectively, the soil profile, type there may be areas that are adapted te the use of machinery
Each horizon of the soil, as well as the parent material beneath the and the growth of cultivated crops and others that are not. :Even
soil, is studied in detail; and the color, structure, porosity, con- thouzh no important differences are. evident in the soil itself or
sistence, texture, and content of organic matter, roots, gravel, and in it~ capability for the growth of native vegetation throughout the
stone are noted. The reaction o~ the soil ~ and its content of lime range in relief, important differences may exist in respect ~o the
and salts are determined by shnple te~ts.~ Drainage, both internal growth of cultivated crops. In such an instance the more sloping~nd external, and other features, such as relief, or lay of the ]and, parts may be segregated on the m~p as a sloping or a hilly phase.
~re taken into consideration, and the interrelation of soils and Similarly, soils havi.ng di~.ff~erences in ston.ines~s ~,na~,. be,, ma~pped .as~¢egetation is studied. *,hases even though these diiIerences are no~ renec~e~ ]n me character

The soils are classified according to their cha.racteristics, both in- of the soft or m ~he growth of native plants. . ~
ternal and external, special emphasis-being given ~o those features The soil su~ve~,o~" makes a map o~ the county or area, showinff-the
influencing the adaptation of the land for the growing of crop location o~ eacl~ 0~ the soil types, phases, complexes, and miscel-
lflants, grasses, and trees. On the basis of th~se characteristics laneous ]and types, in relation to roads, houses, streams, lakes, sec-
soils are grouped into mapping units. The three principal ones are tion and township lines, and other local cultural and natural features
(1) series, (2) type, and (3) phase. In places two or more of of the landscape¯
these principal units may be in such intimate or mixed pattern that SOILS AND CROPSthey cam~ot be clearly shown separately on a map but must be
mapped as (4) a complex. Areas o~ land, such as coastal beach
or bare rocky mountainsides, that have no true soil are called (5) A variety of soils, both organic and mineral, occur within the
miscellaneous land types’. .......... Sacramento-San Joaquin delta area. All the organic soi]s~elon~

The most important group is the series, which includes soils hay- to the class designated b,), Stokes as E~troph~c’ soi!.s. (~i that is,
ing the same genetic horizons, similar in their important character- 0rganic soils on Which conditions of plant nutrition are good, as
ist]cs and arrangement in the soil profile, and developed from a contrasted with soma organic soils h] other parts of the world on
particular type of parent material. Thus, the series includes soils which conditions of plant nutrition are fair or poor. The orgalfiC
having essentially the same color, structure, and other important s~ils, which are confined to the delta basin, occupy a larger aggregate
internal characteristics and the same natural drainage conditions acreage and are the more typical of this low-lying area. The 1.~in-
and range in relief. The texture of the upper par~ of the soil, in- eral softs, however~ display a wider variety of characteristics, as they
c]uding that commonly plowed, may vary within a series. The soil Occupy the margin of the area, where they represent the small parts
series are ziven names of places or-geographic features near which of lar~r bodies beyond t.he b.oundaries of this surv.ey. As the min-
they were,’first found. Thus, Egbert, Staten, and Ryde are names eral softs are full, descmbed ~n other recently pubhshed reports (2

¯ - ¯ 3, 5), they will be treated briefly here; major attention .will be g~venof important soil series ~n this area.
~¥iflfin~a soi! series are one or more soil t~)es, defined according to the organic soils.

~ o the texture of the upper part of the soil. The class name of th~ Forty-one differentiations of the soils in the Sacramento-San

soil texture, such as sand, loamy sand, sandy loam, loam, silt loam, clay Joaquin delta area are shown in color on the accolnpanying soil map.
loam, silty .clay loam, and clay, is added to the series name to give the These soils.are i)laced in two groups: (1) Soils of the delta basin, de-

complete name of the soil type. For example, l~yde clay loam and veloped mainly on organic materials, and (2) soils o~ the delta¯ margin,/dr.&eloped on mineral materials. One miscellaneous land
a, The reaction of the soil is its degree of acidity or alkalinity ~xpressed mathematicany type, ~a~e land, is also mapped. A detailed description and dis-

~s the pH’vhlue. A pH value of 7 indicates precise neutrality, higher values indicate elks- ~3UsSio]~ i)f the agricultural importance of these soils Y~llow, the
linit~ and lower values indicate actdit~.~ ~’he tntal content of readily solubie salts is determined by the use of the electrolytic accompanying soil map shows their distribution, and table 5 give~
bridge, i~henolphthalein solution is used to detect a strong alkaline reaction, their ~creage and proportionate-extent.
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TABLE 5.--A~’eage a~ proporHonate extent of the soiIs mapped i~
~acra~;~ento-~an Joa~u.b~ ~Zta area, Ga~1[. PEATS, ~UCKS, AND ASSOCIATED OEGANIC SOILS

Correra peat.--Oorrera pea~, as i~ occurs ~ this area~ consis~ of
Per-                ~                                       Per-8oiltyp~ Acr~ cent

~ Soiltype
Acr~ ce=t practically unaltered vn’gm deposits of peat ($.) characterl~call~

. having t~o laye~:s--a comparatively thin layer of material derived
Correrap~t : 5,312 1.7 Columbia silty c]ay loam ...........,]5,~2 5.0 ~roln tul% or bu!..ush (dominantly Scirpus l~c~ L.)~ overlying a
Venice peaty muck .................17,216 5.6 Col~biasfltyclay ................. 7.6~ 2.5 deeper flccumu]ation o~ fibrous remains of reedStaten p~ty muck ................. 61,952 -~.~ ~a~e~a.d ......................... ~,~S~: ~.: (chiefly Ph~’a re.ires
Egbert mack .......................61, ~8. 19. 9 Oakley sand ........................L ~ .5
Egbert muck, shallowph~ ........ 16,~2 5.5 hiont~uma adobe clay ............. 192 .1 CO?)~.~2Z~O~i8 Trin.). In a ~ew localities small quantities o~ other plant
Egbert mu~, burned phase ........11,136 3.6 Capaysilty clayloam ..............512 .~ remains are present, but they do no~ materially alter the general
~ober~mu~k ......................,,s~ .~ u~d~¢~y~o~ .................. ;~ .~ character e~en of tl~e deeper deposit, although they are di~inctBums clay loam .................... 9, ~0 3.0 Antioch ~e sandyloam ............ 2~ .1
Piper fine ~ndy loam ..............3, 2~ 1. 1 S~ton adob~ clay ................1, 4~ ¯ ~ ellou~’h for identification.Piper-Egbert comple~ ..............1, ~ .4 S~ckton clay loam .................384 .1~yd~y~o~ ....................~0,~ ~.~ ~r~a~,dy~o~ ................ ~.S~ ,.~ The occurrence and uniformity of ~his rule-on-reed pea~ indicatdRydeclayloam, shallow ph~e ..... 6,5~ 2. I Zamoraloam ....................... 64 (9 that for a lon~ time--probably ~uring the entire period of accumu-Ryde silty blay .....................2,112 .7 Alviso clay .........................448 .1
RydesilWclayloam ............... 11,520 a.S ~a,¢u~c~a~. ~,~ -~ lotion the relation between g~;ound-water level and land surface wasRydesilty clay loam~ shallow ph~e 7, 040 2. 3 Rincon clay loam ...................448 . !Sacramen~ loam .................. 320 .1 Brentw~d clay lo~ ............... 384 .~ more or less constant. The slow and continuous subsidence o~ the

1.1 Brentwood clay ....................192~a~amento mucky loam ..........3,392 .1 mineral base ~ aooarenfly equaled the slow accumulation o~ plantSacramento clay loam ............."13, ~8 4.3 Solano silty ~ay ....................1,344 .4~¢~.to~t~¢~o~ ......... ~,n~ .~ ~a~]o~ ....................... ~s (,) remains. The co~parative purity o~ fl~e reed4ormed material which~acramento adobe clay ............. 5, 440 1.8 Clear Lake adobe clay .............. 2, 240 .7Co~u~biasandy~o,~ ..............~,~o .~ ~] some places exceeds a depth o~ 30 feet~ tends to support such aco~m.,~o~ ..................... ~Js o.~ Tot~ ..................: ...... ~07,u0 ...... theory. The surfic]al layer of rule-formed material~ which ~ few
places exceeds 3 ~eet in thickness~ indicates that this plant has been~e~t~.o.~p~.t.
dom~ant only dm’ing comparatively recent ~imes.SOILS OF ~E DELTA BASIN By far lhe larger par~ of Con’era peat remains unrecla~ed a~d
continues to support ~ cover of native plan~. In some localiti~The soils of the del~u basin are, ~or %he .most pa~% organic

and associated soils in which advanced alteration and an admix- de.ns~ and almos~ pure stud of rules occurs, although, in general,
some reeds, willow% and herbaceous plants are also ~giaded. Theture of mineral ma~eri~ls haw played an important role.

The more highly organic soils of the delta basin .are %he Correra~ dhninishing numbers of wildlife are gradua~y concentrating on the
Venic% Stuten~ and Egbert soils..Of the% Correru peat is inex- virgin areas of this soil, and they cont~ue to attract trappers and
teniv¢ and insignificant a~iculturally~ but i~ repr~en~ the extreme hunterS.only s]ightly more fl~an ~00 acres of Correr~ peat lie within
condition in raw~ unal~red parent organic materials within this :~eare~. The ~enice~ Staten~ and Egbe~ soils represent .different con- ]crees of existing reclamation uni~ and less th~n one-half of
di~ons or stages in alt6i-ation o~ the parent peat materials. Thee acreage is devoted %o crop production. The small bodi~ on the
soils occupy the low parts of ~e basin, which lie near ~a level~ have Egber~ Tract and on Bacon~ Boul~n, ~d ~andev~e Isl~ds show
no natural drainag% and ha~ e a high water table, a sligh~ alteration o} the surface material, bu~ h] general they pos-

The Bu~s and Piper soils have reached a more advanced ~age seas the ~ollow~g characteristic profile: To ~ depth ranged ~om
in decomposition and oxidation- than ~he soils mentioned~ and per- 10 to ~0 inches the material consists of brown fibrous-matted tule
hops are ~fluenced by a different t~e o~ paren~ organic materials peat containing an abundance of light-bro~’mnatl fibrous roo~ and

dark-br0wn- or a~ost black shay ~u1� rhizomes. This material ~n-an~ an environmen~ in which the-accumulation o~ organic and sedi-
men~.ry materials may have al~erna~d. Thee soils have a lower rains varying small quangties o~ dark brownish-~’ay finely di~ded
organic,matter con~nt and occupy slightly more elevated and better altered plant material; it has a pH value of about 5.0"and an org~ic-

matter content o~ about 80 percent. B~low th~s layer and e~.endingdrained positions than the peats and mucks.
The soils of the ~yde series have developed under conditions favor- downward to a depth ranging from 30 to 45 inches’~s brown or light-

ing tim .alternate accumulation 6f organic materials and mineral brown raw fibrous-matted ~ule-reed pea~ similar to ~he surface ma-
tm-ial bu~ containing many identifiable aems and roots of reeds,sediments. In general, fl~ey are made up of an overw~h o~ a]luviaI which become even more nmnerous in the lower part. This materialma~rials recently deposited over older organic and m~era.1 mar grades into the underlying brown so~ter and more altered reed peat.terials. ¯ ¯

The soils, o~ tim Sacramento and the Col~bi~ series are the only Thin layers o~ darker brown highly altered material occur at various
distinctively mineral soils of the delta basin. The Sacramento soi~ depths "but aggregate l~s than 1~ percent of the soil mass. This
comprise dark fine-textured ~lluvial ~d~en~s deposited from turbid material is associated with either rule fragments or herbaceo~ vege-
floodWa~rs fi~ bac~ater~o~ erflow areas; ~he -Columbia soils com- ~ In ~rlier surveys, such as the reconnaissance soil surveys of ~e Sacramento
p~se lighter colored ma.~rials r~enfly accumulated on s~ream-built and ~e Lower San ~oaquin Valley (7, 9), no attempt was made to separate the o~aer

organic soils from Correra peat, and all were grouped under ~e designalion "muck ~ndlevees or ridges that are slightly higher and be~er dra~ed than the ~at."
surrounding land. ~, This same phenomenon is in some places rela~ed to oceanic level and ts expr~ as

~he ri~ing water surface.
264678~1~3
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ration or both. Such incidental layers probabltY1 represent accumula- organic soils, Venice peat), muck allows many cultural operations at
tions during a period when the reed cover was t ~inner and less pure~ times when the soil is saturated, an important factor in growhug such
as following a fire or an abruptly chan~ed water level, crops as celery.

Venice peaty mnck.--)renice peaty l~uck is formed from tule-reed Staten peaty muck.--Staten peaty muck, like Venice peaty muck,
peat. This soil occurs in fiat bas~n~k6 areas ~ha~ under ~ is developed from rule-reed peat. It~_l.~as reached a more ad~:~nced sta~
~ are saturated with ground water and covered with a dense b’t~ye~dlnpo’~it~bn a~id a[teration than"l~is Venice peaty muck~ and corn-
growth of rules. ~only is less a’~id anal conta;ns more soluble salts. °l~he same~gen-

Venice peaty muck has a partly decomposed and altered organic sur- ~i~a~ condxt~ons o~ rel~e~ oraina~I and vegetation characterize
face soil, g~a~iing into an essentially unaltered organic subsoil, which ~Wo so~ls~ although Staten peaty muck commonly occupies very slightly
abruptly o~ erlies the light-gray mineral base common throughout the li~her posk~ons than do~ Venice peaty muck. - -
delta area. The surface sell is about 16 inches thick and consists of "Staten peaty muck has a moderately altered surface soil grading
dark-gray loose soft-fluffy partiy altered and decomposed peaty muck. into a slightl~ altered subsoil. The !5-inch surface soil consists o~
This material contains t~’own or light-brown fragmental fibrous re- dark-gray loose soft-fluffy p~rtly decomposed organic material,
mains of tules and reeds, the former dominating. The reaction is deft- which here an’d there contains ~ cry small quantities of brown fibrous
nitely acid~showing a pH value of about 5.0--and the organic-mattero plant remains. It has a slightly less acid reaction than the surface

layer of the Venice soil--a pH value of about 5.5 to 6.0--and ~ 40- tocontent is about 50 percent or less. The surface soil ~ves way to an
underlying layer of brown matted fibrous peat consisting principally 50-percent content of organic matter. This layer gives wa], more
of horizontal-lying and fl~tten~e~ fra~nents of reed stems and rule or less abruptly to an upper subsoil layer of-darK-brown-matted
rhizomes, bound together b) the ~ ertical-piercing smaller roots oY reeds fibrous peat), material containing considerable ve~5, dark brown or
and rules. This material is slightly more acid than the surface soil and black fine-granular organic matter. The material- in this layer is
contains about 60 percent of organic matter. Beginning at a depth only slightly more acid than that in the surface soil, although it
ranging from ~ to 8 ~eet, the lower part of the subs(>il becomes very contains about 70 percent of orgasmic matter. Below a depth ran~ng
strongly acid~having a pH value o~ 4.0 to 4.5--and characteristically from 20 to 50 inches the matted fibrous character gradually become~
cont~ins small quantities o~ dark-brown or almost, black fine-grained less pronounced, the small vertically oriented root fragments become
organic material. In a few localities, thin lenses and layers of material fewer~ and a layered appearanc~ develops. The acidity and the or-
derived from a variety of plants, other than tu]es and reeds, are present, ganic content remain about the same. The mineral substratum,

In general, the s’ubsoii is comparati~ely unifo.rm in character which is from 6 to ~0 feet below the surface, is essentially identical
throughout, and in its essentials it is identical with the material corn- with that underlying Venice peaty muck.
posing the lower parts of Correra peat. The mineral substratmn be- Staten peaty muck is the mo.~. extensive organic soil mapped in
low the organic dep~osits consists of light-gray or light bluish-gray ’ the delta area. It occurs throughout thecentral part~ extending
alluvial and lacustrinematerial-varying in texture ~ron~-~,~ndy loam ~rom a small body in Clifton C0u~ Tract in ~he south-central part
to fi~e sandy clay. This is massive and comparatively hnper;cious~ to larger bodies on Grand Island in the north-central part and the
althbugh far from being cemented ~r consolidated--and has a. high R.indge T~ct in the east-central part., It is associated with the Ven-
content of finely divided mica., practically no organic matter~ and a ice and E~bert organic soils, from ~hich it is differentiated on the
neutral reaction.~s basis of profile development. A few bodies of these two soils are

Venice peaty muck occurs in the cen~.ral part o~ the delta:are~, prin- included in mapping.    -
cipally.on Venice, ]~Iandeville, ]~cDonald, and Bould~n Islands. Here All this ’soil has been reclahned and brought u.nder cultivation.
it is associated with the Staten and Egbert organic soils, ~-om wlfich it Combined. with a high. water-holdin~ capacity._ .. i~s somewhat      firmer
is separated on thebasis of its lower stage Of alteration. As drawn~ the consistence causes ~t to be more retentive of moisture than Venice
boundaries are, however, more or less arbitrary, and a few small areas peaty muck. It likewise can be more easily brought into a condition
of either of the two associated soils are included. Included al~o are of satigfactory tilth. The soil is well suited fo~ the production of
small areas that ~vere mapped as Egbert clay loam in Contra Costa pgtat.oes, aspar~,~us, celery, corn, a_nd other field crops. Barley and
Comity (3) but ~re now believed to conform more closely to Venice wnea~ are gro~ n on a considerable acreage of this soil; the rank
peaty muck. growth of weeds, however, es]~ecially wild mustard, together with the

Practically all o~ Venice peaty muck has been reclaimed and is now ge~_eral tendency for the gra~ to lodge, necessitates special handling
under cultivation." Owing to its loose and permeable character, water at harvest time. The small grains produce e~uallv ~ood yields at
moves readily thr.ough it in all directions, and its water-holding capac- a slightly lower cost, on some of the other m-~ore l~i~erali~ed s~ils.
ity is high~betwe.en three and seven times its (~wn weight. This has This soil as mapped includes small areas of peat as recog~ized
proved to be one of.the more satisfactory soils of tim delta area for-the ~ in the earlier and less detailed surveys of Contra Costa County (3)
production of celery. In contrast with the less ~ibrous’ and peaty and the Lodi area (5)~.~

Egbert muck.=-E~bert muck, together with its two subordinate
~Among ~00 samples tested~_the lowest pH value was 6.4 and the highest was 8.4. Less phases, exhibits a further alteration of organic material with athan 10 samples contained sufficient n~ne carbonate to effervesce when treated with dilute higher admixture of alluvial mineral soil than in the Correra, Venice,hydrochloric acid.
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~.. As recognized in this survey, this soil includes the areas recognized in

rt of the Contra Costa County (3) and the Sui~un areaand Staten soils.It is commonly less acid and contains more soluble the included
salts, and it is somewhat denser in the u.pper part of the subsoil. Like (2) soil surve3 s as Egbert clay loam and Egbert loam, which border

~..22.:~::... the Staten and Venice organic soils, ~he Egber~ soils occur in corn- tile ~alley-plain soils and contain less organic, matter than typical
:.-. Egbert muck.--,::,~..."-, : ..... parati~ ely flat areas where, under naf.ural conditions, they are satu-

":2;<’:,::.:":.’ rated with water and support a dense growth of tules, reeds, and Egbert muck, ,s, hallow phase.---The shallow phase of Egbert muck
similar hydrophytes. Broadly speaking, but with several exce.p~ions, differs from the t)pica.1 soil principally in its slight depth to the rain-

......, ~ " Egbert muck tends to occupy somewhat higher upstream situations eral substratum. In some localities, particularly where a marshland
than do either of the less altered soils, type of vegetation advanced comparatively recently on the bordering

": ~ Egbert muck has a moderately altered to well-decomposed 14-inch mineral plain, this soil also contains slightly more brown fibrous plant
surface soil that gwades almost imperceptibly into an upper subsoil " remains, especially in the upper part of the subsoil, than the typical soil.

:~::’2~ layer of slightly more dense but otherwise similar material, which, In this respect these minor occurrences apiSroach the char~,cteristics of
in turn, grades into a lower subsoil layer of loose permeable mate- Staten peaty muck. Commonly this shallow soil lies x cry slightly
rial. The surface soil consists of dark-gray soft granular to fluffy higher than typical Eabert muck, although under natural conditions
muck containing few or no fraganental remains of plants. The rent- it iS similarly saturate~ with ground water and supports a dense cover
tion is moderately acid, as the pI:I value ranges from 5.5 to 6.0, and of rules, reeds, and associated plants.
tile content of organic matter is about 40 percent or less. No dis- Typically, this~shall,ow soil has a 14-inch surface soil consisting of

:-,~;~.:~. tinct demarcation exists between the surface soil and the subsoil, dark-gray soft faintl3 ~’anular muck that has a. moderately acid
which consists of dark-ga’ay moderately soft fine-grained peaty muck: reaction and an organic-matter content of about 40 percent. This
I-Iorizontal-]ying fragments of reeds and rules are nmnerous in grades into an upper subsoil layer of similar dark-gray material

:. the subsoil. The upper subsoil layer has a slightly more acid reac- having a slightly more acid reaction and a higher content of organic
tion, with a pit wlue of 6.5 or less, and a slightly higher organic- matter, chiefly tule rhizomes and reed stems arranged horizontally.
matter content than the surface soil. The material has rather firm In the deeper areas--where the ~,ni~ieral substratmn lies about 2

: moderately dense consistence and more or less pl,a, ty ~tructure. Such or more below the surface--a lo~ er subsoil layer of varying character
features are barely discernible in the normally ~ et soil but ar~ more occurs in most places. .This layer ranges Ya’om one identical with the

,...,~-, distinct in dry exposures. The lower sub~oil layer has a much less lower subsoil layer of typical Egbert mucl~ to one of stratified almost
÷:~"::’: acid reaction, with a pH value of about 6.0, and a higher content of Wholly mineral sediments. Th~se latter strata commonly consist of

........ . ~:. organic matter. Small lenses and strata of less altered brown brownish-gray soft silty clay ]ming a pI-I value ranging from 5.5 to 6.0
¯ = fibrous peaty material occur in fl~e lower part of the subsoil in some and an organic-matter content of about 15 percent. Thin planes oi
" places, as do similarly thin and erratic strata of light grayish-brown ~ light-brown or straw-colored soft plant fragments separate the ~trata

soft silty clay. In some of the latter places, charred and carbonized in mos~ places.
plant fragments are present immediately beneath the mineral stra- Although not so extensive as typical Egbert muck, this shallow soil
tum, suggestive of an earlier inundation of sediment-laden waters -nevertheless occupies a large total area. The largest single body

::i~i~!~ -preceded by a. period of fires. The shbsoil rests abruptly on the borders the eastern boundary of the delta area from the vicinity of
light-gray mineral substratum at a depth ranging from 4 to ~0
feet or more.

Stockton northward. This extensive strip merges with the deeper
typical soils on the west and to less degree grades into the dark, poorly

Egbert muck is exceeded only by Staten peaty muck in total e~ent, drained mineral soils of the lower valley plain on the east. This same
: Both large and small bodies occur throughout the delta area. The~ are ¯ relationship characterizes oilier similarly situated bodies of the shal-

associated with oilier organic soils and with the tWO variations ma~ped low phase of Egbert muck along the ~vestern boundary of the area.
as phases. From the former they are differentiated on the bases of The agricultural activities on this soil likewise represent a transition

¯ degree of alteration and content of mineral matter, and from the from those of the delta proper to those of the gTain-farming and live-.-
latter on the bases of depth to the ~nderlying mineral material and stock-producing districts of the lower valley plain.:~"’$/ degree of burning. Th~ two pha~es are. discussed under separate ~o& of tlns land ~s re~lanned and under eult~vatmn. Asparagus,
headings in subsequent paragraphs. " potatoes, sugar beets, corn, and other intensively grown, field crops

J;:~" " Practically all of this soil is under cultivation, and it has proved to produce satisfacto~T yields on the areas of somewhat deeper soil,
..... be one of the most satisfactory soils in this area for a wide variety although parts of the areas of shallow soil still support a cover of

of crops. Wat~r readily penetrates the soil. unless it has been allowe?l native vegetation and are used ,chiefly for grazing. The principal
to dry out completely, and the soil can ~etain large quantities of difficulty in utilizing the shallo~ soil ~or crop production is the pro-

_ watel:--several times ii~ own weight. This relatively finn fh~e-~_’ained ’ vision of adequate and dependable drainage. The massive and some-
seil works into an extremely satisfactory seedbed with less d~fllculty ~ what impenxieable mineral substratum ~estricts the movement of

~:.:..~::.- "! than do either more fibrous or more mineral soils. Potatoes, aspara- water, which not only complicates the problem of drainage but also
gus, corn, sunflowers (pl. 1, B). sugar beets,, and the small grains ’ that of irrigation. Also associated with a slight depth to the mineral

..... produce tnghly satisfactory y~elds. Even celery _~ields as well on substratum is the comparatively heavy concentration of soluble salts
’ " the surface soil, a condition reaching its greater severity in the ureas:...:~ :~ Egbert muck as it does on Venice peaty muck. although somewhat more

difficulty is involved in cultural ope~"ations."
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of shallowest soil, where it is augmented by fl~6 addition of ~lt- occurs in nearly flat basinlike areas and appears to have, developed
carrying drainagewatersfromtheadjacentmineral soils, through the alteration of a deposit of rule-reed peat several times

the thickness of the present la~ er of organic material.Egbert muck, burned phase.~Although practic~Mly all ,~f the or- ~
’- " "

ganic soils of the delta area show somq evidence of ha~ing been Undisturbed areas have a ~/2-inch surface layer of gray fine
burned, certain localities have suffered Iseverely from this cause, mealy or powdery soft muclcy material. The s~urface soil proper ex-
Areas where burning has materially modified the original profile tends to a depth of 6 to 8 inches and consists o~ dark brownish-gray
are separated as Egbert muck, burned ph,a, se. U~fl~ss smoothed by ~ finn muck that breaks down readily, when .dry, into smal! angular
cultural operations, this land has ,~ some~ hat une~ en surface eve]~ ~ lumps. This has a pI-I value of ~bout 5.0 and an organic-matter
where it was originally comparatively flat. ~ content of about 30 percent. It grades into an upper subsoil layer

As mapped, certain minor variations occur in the profile of this ~. of dark-gray or black moderately firm highly organic muck having
burned muck, particularly in the subsoil characteristics. The surface : a pH value of about 4.5 and an organic content of 30 percent. This
material, to a depth ranging from 10 to 30 inches, consists of gray material has a faintly develope~l platy structure and contains
or rather brownish gray granular to faintly cloddy soft muck3, ma- numerous horizontal-lying fraganents of black carbonized plant
terial, which contains numerous root fra~nents of contemporary remains and a less quantity of brown partly decomposed pieces o~
vegetation but practically no remnants of the original plant remains, roots and stems. At a depth ranging from ~0 to 30 inches this m~-
It also contains many buff or light reddish-gray lumps and particles terial, in turn, gives way somewhat abruptly to gray firm massive
of ash, which crush readily between the fingers, indicating the readi- clay in wifich the pI-I value is about 5.0 and the organic-matter Con-
ness with which the e~ddences of severe burning disappear under tent is 10 percent. With increash~g depth, the numerous vertical
cultivation. In most places the surface soil has a pI-I value of about root holes, which are stained with rust brown and are so d~aracter-
7.0 and contains about 40 percent or less of finely divided organic istic of the horizon, become less pronounced and the reaction slightly
matter. It likewise shows a comparatively high concentration of less acid. The characteristic underlying-mineral substratunl be-
soluble salts, although the l~tter feature is a more or less ephemeral comes more and ~nore evident and is well evidenced at a depth rangin_n_g
condition associated with contemporary circumstances of drainage, from 5 to 8 feet.
The ~’urface material grades into ’a subsoil of dark-gray soft.ly firm Roberts muck comprises four small bodies along each side of Burns
peaty¯ muck containing varying quantities of ~’aganental plant re- Cut-off and on Rough and Ready and Roberts Islands. Despite its
mains, chiefly reed roots and stems and light-brown ash particles, limited extent, it ha~ a distinctive and significant profile. Typically,
In places, a thin layer of almost pure ash separates the surface ma- ’ it is markedly dissimilar to the Egbert., Ryde, and Burns soils, with
teria! from the subsoil, which rests on the mineral substratum at a , which it is associated, although along i~s boundaries it merges with
depth ranging from 80 to 60 inches. The latter is commonly light ’ the adjacent soils. The organic material in the upper layers is loose
brownish gray and in a few places contains some mottling of rus~ .~ and permeable and has a comparatively high water-holding capacity.
brown in its .upper 6 inches. The somewhat tighter and dense materials in the lower layers tend

This burned soil is e~tensive in the southeas~en~’ part of the delt~ to limi~ the agricultural value of this soil, especially where they occur
area. The small body in the Lower Jones Tract w~s burned recently at a slight depth.
and not so de~ply as elsewhere; ".it has. a subsoil similar to that of At one time all Robert~ muck was under cultivation, but at present
the adjoining bodiesof Egbert muck.. The larger part o~ the burned the northern part of the body on Rough an.d Ready Island is being
muck is associated~ however, with the extensive areas of Burns clay developed for industrial sites in connection with Stockton. The
loam on RobeI~s and Union Islands. It is separa~d from the latter southern part, together with the bodies on Roberts Island, is utilized
soil type becaus~ of its content of re~oga~izable ash particles and its ¯ for the production of a ra~her wide range of field crop% including
greater depth to the mineral sh’bstratum, wheat, barley, corn, grain sorghum, alfalfa, asparagus, and potatoes.

The land is productive under proper management Asnara_~us Good yields are obtained from the first-named crops, but the aspara-
produces heavy y~elds of h~gh quahty. Sugar beets, small grains, gus beds are old and are gradually being removed. Potatoes make
alfalfa, and grain sorghum grow successfully, as do potatoes, onions~ only fair yie]ds, far less than are common on more highly organic
corn, and oilier crops, althbugh these latter crops are somewhat b~t- soils, such as Egbert muck. Water is supplied both through surface
ter suitea to the deeper, more highly organic Egbert and related soi~ls, ditches and through spud ditches. In general, the former method
Problems of drainage and alkali are somewhat more aggravated on
this burned muck, and irrigation of the crops involves certain diffi-

of irrigation has proved somewhat more satisfactory for grain and
hay crops, and the latter for corn, asparagus, and potatoes.

cult.lea. Only ~ s~nall part--in general the deeper soil--can be irri- ]~urns clay loam.--Burns clay loam appears to represent an ad-
gated by spud ditches. ]~ost of the water for irrigation is am)lied vunced stage in formation of a eutrophic organic soil from a shallow
througli surface ca~als and furrows as on most mineral soils. ~ ~ ~ule-reed peat. Alteration of the original mantle of plant remains

Roberts muek.--Roberts muck is so~newhat similar to Egbert muck. ’, has reached a stage in which a layer ran~ng ~’om only 1 to 2 feet of
.I.~ app,arently.repre~e, nts a ~urther sta_gejn alteration an_d decomposi- ’ organicmaterial remains. Below this depth, the processes of soil
~lon oI orgamc ma~er and commonly has somewhat lower acidity , develop~nent have invaded and altered the underlying mineral base to
and greater content of lime and solubl~ salts. In the delta area it produce a distinctive and conspicuous feature--a multiplicity of small
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almost straight vertical root holes, which are coated with a metallic- furrow and check methods. When this is done, the Burns soi! pro-
like deposit and encircled by a highly stained "cylindrical zone. duces fairly high yields of corn, grain sorghum, alfalfa~ and barley.

Bun~s clay loam occupies’low ridges and ~ninor elevations where the :Dry beans and aspar,~us return fair to good yields.
underlying mineral material comes to the;surface in places. ~t some Piper fine sandy Ioam.--Piper fine sandy loam has man3 charac-
time in the past these were undoubtedly @vered to varying d~pths by teristics in common with Burns clay loam. particularly in the rela-
the original mantle of peat, the virgin tgrrain having a smooth con- "
figuration and a much higher ground-water level than at present, tive]y thin surficial layer of organic material and the distinctive verti-

Today the Burns soil is compa.ratb ely well drained, particularly in ~: cal root holes in the lower part of the subsoil. It differs materially from

contrast with adjacent lower lyh~g bodies of more ]:~ighly organic the Burns soil, however~ in that its entire upper part contains a large

~ quantity of calcium carbonate and s,o, luble salts. The Piper soil occu-
soils, and a cover of annual weeds and grasses has displaced the tule- pies low mounds and ridges that ha~ e a roughly aeolian configurationreed vegetation, and appear to represent a comparatively recent emergence of dunes andBurns clay loam has a surface soil, 18 inches or less thick, consisting
of dark-gr~y friable granular loose clay loam having a pI=~ value of ’J

similar wind-modified bodies of sands somewhat related to the nearby
bodies of Oakley sand. At some time in the past these emergent minor5.5 to 6.0 and containing about 30 percent of markedly decomposed elevations probably were covered to varying depths by a-mantle oforganic matter. Tlfis grades into an upper subsoil layer: of gray firm peat, which gave the original terrain a more or less s~nooth ahnost flatbut permeable silty clay loam, which is variously mo~:tled in its"lower configuration. The level of the ground water undoubtedly was muchpart with bright-yellow and rust-brown stains and accumulations, higher than at present. Now, however, Piper fine sandy loam is wellThis materialhas a slightly lower acidity than the surface soil and drained to almost droughty, especially on the higher ridges. _k thincontains only about 10 percent of h~ghly altered organic matter. It "

gives way more or less ~bl~p~ly, at a depth ,o~ about ~8 inches or less, cover of saltgrass and herbaceous annuals has replaced the former
rule-reed vegetation.

to brownish-gray or so,new, hat light brownish-gray firm massive The surface soil of Piper fine sandy lo~m is about 8 inches or lessmaterial. In it the trend ~oward decreased aeidi~_¥ and organic thick and consists of gray friable loose fine sandy loam with a-pHmatter with increasing depth is continued. The upi~er part has a value of 8.0 or more and an organic-matter content of less ~han 15
pH value of slightly less than 7.0 mad an organic-matter content percent. The material in this layer effem~esces in dilute hydrochloric
of about 5 percent, and the lower part has a pH value of about 7.0 acid a.nd has a 10w content of the more soluble salts, although this lat-
and an organic-matter content of about 3 percent. Vertical root ter condition varies markedly from place to place and from time to
ho]es, so conspicuous in the upper p~rt, become smaller, less numer-
ous, and less prominently coated aa]d stained in the lower part. The 1

time. It grades into an upper subsoil layer of light brownish-~ray
firm or very faintly cemented sandy loam that breaks under gentlocharacteristic light-gray massive mineral substratum lies from 80 to

~,
pressure into small irregular lmnps. The material in this layer effer-

50 inches b~low ~he surface and ex~ends to undetermined depths, vesces vigorously in dilute acid and contains a multiplicity of smallThis consists of dense clay materials interstratified with fine sand. vertical root hol~s, which are stained in the same manner as those inBurns clay loam occurs only in the southeastern part of the delt~
~ the Burns soil but in addition, have thin inner walls of calcium carbo-area on :Roberts, Union, and Victoria. Islands and on the Upper and

_~
hate. The material in this layer has about the same organic-matterLower Jones Tracts. ~Iost of the southernmost bodies are larger content and reaction as the surface soil but contains a comparatively"dmn the more norflmrn ones. Typically, bodies o~ this soil are

"t
large quantity of soluble salts. The lower part of the subsoil, reachedassociated with extensive bodies of the burned phas~ of Egbert. muck, ~ at a depfl~ of about ~0 inches, has about the same alkalinity as the2rom which they are differentiated by their distinctive profiles, upper part, but it contains only about 5 percent of organic matter and

especially in the lower subsoil layer, by their slightly hi~her nosition has a more 3ellowish ~.o more reddish coloration and a much heaxderand by their better drainage. ]Kost of the more northern bodies are calcareous coating on the inner walls of the distinctive root holes. At
little more than narrow meandering ridges that rise slightly above the a depth ranging from 9,4 to 49, inches this grades in turn into lightgeneral level of the surrounding areas of Egbert muck, shallow grayish-brown soft massive sandy loam with fewer root holes and a less
phase. On a few mdge crests the surface la3 er of orgamc material pronounced coloring. :No visible lime, a negligible content of organicis entirely absent and the soil profile approximates that of ~.he matter, and a p,,I~, value of 7.0 or less mark the material in this layer,
Columbia soils. If these areas were large enough to be shown on,the which gradualb merges, at a depth ranging from 30 to 60 inches, intomap~ they would be differentiated as Co’iumbia silty clay loam. " light-gray rather loose noncalcareous sandy lo.~m with a similar reac-

tion and si~nilar content o~ organic matter. The material throuah-
out the entire profile is gradational from one horizon to the next. Fine

The upper layers of Burns clay loam have a comparatively high
water-holding capacity and are readily penetrated both by plant
r_9ots and by hnoistur_e. Irrigation is principally by means of’surface particles of mica and quartz are present throughout the solum.
ditches. As the application of water by this method is more difficult

~
This soil occurs in numerous small bodies on and in the vicinity of

in the narrow and small bodie% most of them are utilized for the the Bethel Tract in the west-central part of the area, largely in asso-
production of ~l~e winter-grown crops of barley and wheat, for pas-

)
clarion with the,,Egbert and Staten soils, fa’om which it is differentiated

turage, or for builclh~g sites, l~Iost of the la{~ger and more nearly ~ by its distincti~ e profile, somewhat higher position, and better drain-
flat bodies in the southern part of the area are m’igated b_¥ both the



age. In a few bodies on the upper part of the r;d~es or mounds this r~’,~ SEn,ES
soft grades Into a hght-brown nonsahne soil, which is mapped as The R)’de soils--represente~ in the delta, area. by thre~ types andt[~=--":" ~" :" : : Oakley sand where the bodies are large enough to justify separation,

two phases~differ materiall) from all the af,o, rementioned soils.~"-: .:: :’: "’(~: Piper fine sandy loam is ~e,r, vious and loose and, except in the thin In character of parent materials and profile de~ elopment they are..~£._.~......... surficia] ]a.~’er, has a re]atixe].~ low water-holding capacit],. Its high related to the Egbert. soils and to the organic soils having an ad-.... -. .......: ~ntent o.f ~]ubl.e salts ("alkali") narro~ly limits its agricultural valhe. mixture of mineral soil material. Thex" are formed bv slowly ac-~’~’~:’~!~"?.:"~: ~’asture is ~ts chief use, although a small part has at times been planted cumulated relnains of reeds, sedges, an’~l, to less extent, herbaceous’~ to barley, low yields of which are obtained. The uneven configuration and woody hydrophytes. Comparatively large quantities ,of fine-
..... and the smallness of the individual bodies make irrigation infeasible;

t~xtured .mineral sediments are present, either thoroughl3 mixed~:~i;%}~.!:,ii.~;;: but it is doubtful whether the concentration of salts could be reduced ~ith the organic remains or in thin lenses and layers separating¯ ...:!.,!.~!!.~.:..... for profitable production of crops, even if an ample and satisfactory more highl.y organic strata. In a few instances "~.he underlyingi~,.:.-~:-:,...~\~:" supply of water could be secured. ’ strata are i~tentical with the material of the Egbert soils, the con-: .....:":"’:: ......." Piper-Egbert complex.--Treated collectively under this desi~o~na- tact between the two indicating a more or less sudden ~hange in.... " tion are numerous undifferentiated bodies of the Piper and Egbert the vegetative cover as a result of some comparatively sudden:..~’ soils. These bodies not only are too small to show individually on alteration of the environmental conditions.fire scale of mapping used but are separated by comparatively wide The soils of the :Ryde series are extensive in the delta basin,transitional zones. where, charaeteristica]ly~ they border the small sloughs and water-::’. W]lere typically developed, the Piper soil of this complex has
ways or occur at intermediate elevations. Ma.ny of the larger and-.. essentially the same profile characteristics as those of Piper fine mor~ impotent bodies occupy positions between bodies of the. sandy loam. ° It generally occupies slightly smaller and lower ele-
bert and" Columbia soils. In places the soils of this series mer~

~%;i~-. ;;;:.~. ¯ rations than typical :Piper fine sandy loam, has less well developed
into the adjoinin~ soils without definite lines of demarcation; else-’ drainage, and has a somewhat thicker surface layer. In the aggre-
where the Ryde s~ils overlie the Egbert along the lower edge of the.~...:. gate, the relatively typical Piper soil constitutes only about one- bodies and are in turn.overlain by the Columbi~ soils along the.:.. fourth of the total area of this complex. In the Egbert soil of this
upper e~lge, the thilming of the overlying material again making~ c_omplex the depth to the underlying mineral substratum is less any boundary between the soils o$ t.hese three se.ries mor~ or less"’"~:". than in typical-Egbert muck~ generally- ranging from 3 to 8 feet arbitrary.

’;~:::~.,.-
or more. ~Iarked variations m depth ~ccur within shor~ distances,

The tyI~ieal membex- of the Ryde se.ries: has a surface                     ~.~oil, ran~in~,-- o.wing, to the very irregular configuration of the underlying mineral from 1~ to 18 inches in thic~mess, consisting of gray or light grayish-
d_epomt. :Relatively typical. Egbert soils con~itute another one- brown granular to lumpy fine-textured material that has an acid-: fourth of the total area° mapped under this collective designation, reaction and contains about 80 percen~ of well-altered organic matter.

The remaining area mapped consists of various transitions be- This grades into an upper subsoil layer of gray soft massive muckytween the Egbert and :Piper soils. Except for variations intro-
~";;~’¥,~";-;~-",. ¯ duced by the uneven mineral base, these transition~ ’- grade from ~" clay loam or clay with similar reaction and content of orgasmic matter.

typical ~,gbel~ muck through a more and more shallow development Plant remains, bofil woody and fibrous, are numerous and range from
, rich rus~ brown to charred a.nd carbonized black. At a dept]~ ranging".- of the upper 6rganic mantle. As this.becomes less than ~4 inches from P.0 to 40 inches, the upper part grades into the lower part of the~’~:~: thick, an ill-defined mottling and small reor hbles’ appear in the subsoil~ which comprises more or less poorly defined layers differing

upper few inches of the mineral substratum. With continued thin-                    in color and in content of organic matter. The individual l~yers
.: ning of the organic mantle, the stained, coated vertical root holes

~. become more numerous, and ~e surface layer gains in mineral range from dark-gray slightly matted fibrous,peat~ material to
"" " teria]. The entire sequence between the E~bert and Piper s~o~l~s smu~: brownish-gray or light brownish-gray soft massi~ e silt~ clay or clay.

With increased del~h the clay s~-ata t~nd to dominate; at ~ depth¯ ,°:o gests the series of stages in soil development and the progressive ran~ng from 8 to 30 feet they merge into the light-gray mineral sub-alterations of the organic soil material, as these are believed to stratum common to the area as a whole.-~:--. :: intervene be~,w_.een the typical soils of these two series. -The Ryde soils are relatively loose and perlneable, have a high water-~"?"°~’ " Bodies of the Piper-~gbert complex are associated with typical" holding capacity, and are well suited to the growing of a wide range::.... ., bodies of Piper fine sandy loam on the Bethel Tract and on Jersey of field crops. Barley, sugar beets, and asparag~ produce highly
~::;;:~i~::!-" Island. Irregularity of drainage, depth to mineral substratum, an~t satisfactory yields.:~:..::./o: .- content of soluble salts impose definite limitations on the utilization As mapped in the del~a area, the series includes certain bodies of~:" "’- of these complex soils for agricultural purposes. &lthou~h some

’,~- . bodies of the more typical Egbert soil possess certain qualities that soils that have little or no agricultural value and on which even the
more hardy crops seldom produce more than light yields,xs These_ make them ideal for crop production, their limited extent and their

proximity to other nnsuitab]6 soils make extensive farming opera- bodies occur in the southeastern part of the area, especially on Bacon
:. tions in]practicable,. Only about 10 percent of the to~al acreag~ ~OThe reason for this was sought during the survey, but no recognizable feature of these

...~:~:.. - is planted to crops, chiefly barley for hay or grain: the rest eitl~r bo(l~cs could be consistently correlated with plant failure. The cause of this lower fer-
:-". . ttlity sho~fld be studied further, and, if it is found, it ~’ould constitute a basis for differen-is utilized for the grazing it affords or rema.ms idle.                                      tiation from the typically productive soils of the :Ryde series.
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Island and the ~IcDonald Trac~. wher~ they wind as a narrow and
low slough ridge across the central part of the cultivated area. Owing
to their slightly higher elevation, they are, for the most part, well salts, and a decidedly more acid reaction ~han tl~e typical soil. Cr~ps
drained. A few of them support soall orchards of struggling and As mapped h~ this survey, fl~e clay loam inch~des a part of ~sdenonthrifty pea~ and cherries. The r~ction in these p~uliarly uhpro-

planted on adjacent soils ordinarily cease abruptly at its boundary:

silty clay loam o~ the Lodi ~rea (5)~ in which only the silty clay loamductive inclusions is somewhat more a~id than in the typical Ryde soil; - ~ -type was rec%mized. Areas of Egbert clay ]oam~ light-colored phase,in some instances they have a pH value as low as 4.5.
~ recognized in the Suisun area (2)~ are now recognized as conform:Ryde clay loam.~Ryde clay loam has a profil~ typical of the ing to the Ryde soils and are included with R~de clay loam o~ the~yde series but includes areas of darker color~ which are shnilar to

surfae6 soil is gra3 granular to faintl~ elodd~ ela~ loam having a Ryde clay loam, shallow phase.~This soil differs from typical
p~ value of 5.5 to 6.0 and containin~ about 30 1)6rcent of well-~l~ar~ct ~yd~ ~lay loam in the presenc~ of a highly organic subsoil that is

, ¯ ........... markedly snm]ar to the horizontal-l~n~ materials of ~he Egbertand fine]3 divided organic matter with an admixture of alluvial min- and the ~taten soils. The ~urface soil coffsists of gray faintly l~mpyeral soil. This material grades into a subsoil that is similar but has a
clay loam with a p~ value of about 5.5 and an organic-matte~ contentsomewhat firmer and more massive quality and a lower organic-matter
of about 30 percent In places this material grades~ aC a death ran~-con~ent.’ Although the numerous fra~nents of roots and s~ems o~ "ing from 12 to 18 indies, into an upper subsoil layer of gray slightl~reeds and small sedges~ which compose ~he organic mat~: in the sub-
firmer peaty clay loam having a comparatively ]~igh co~te~t o~di~-soil~ retain recognizable morphological feature, they ha~ e under~one

considerable alteration and have stained a~d mottled the adjacent ~]in- tinguishable pla~t fragments. Elsewhere the sin:face soil immedi-
ately overlies ~he d]aracteristic organic subsoil at a depth rangingeral material to a marked degree. The upper part. o~ file subsoil has

a pH value of about 5.0 to 5.5 and an organic-matter content generally from 15 to 50 inches. This subsoil layer comprises lenses and layers
less than ~0 percent. The lower part o~ fl~e subsoil~ extendin~ from "~ consisting principally of dark-~’ay soft permeable well-altered" or-
depth of abou~ 36 ~ches to about 100 inches~ includes in 1)laces variously ganic material containing appreciable quantities of brown orAight-

¯ ~ - brown fibers of reeds and associated plants. In u very ~ew places thisthick layers o~ dark-gray or dark browmsh-gray scaly fibrous peaty organic subsoil contains moderately thick layers o~ dark-brown highlymateria!. These peaty layers become ~hinner and less numerous with
fibrous and matted peat~ which~increased depfl~ giving way to fl~icken~g strata of the lia’h~ brownish-

gray ~ely divided organic and m~e~.l clays. Belo~ a depth o~ quantities of dark-gray highly altered material. The organic-matter
content of the subsoil appro~mates 60 percent in such places, although

separated             about 9 feet ~rom these one mineral another s~rata by almost become paper-~hin tim dominan~ sh~tsfeature of tan or and light
straw-colored fra~ents of r~ds and sedges. The mineral material to 6.0.
has an organic-matter content of a~ut 15 ])ercent and a ~H value Ryde clu~ loam~ shallow phas% occurs mos~.ly

slightly below 6.0. ~ Th~ thin laminae o~ p]~n~ remains a~-e ahnost
and west-ce~tra.1 parts of the delt~ area. It generally borders typical

wholly organic and hi~ly acid (with a p~ ~ a.lu~ as low as 4.0). In
Ryde clay loam 0n the lower side and represents an overlay o~ the
Ryde material over materials of the Egber~ or Staten soils. Owin~a ~w instances the gra~ underlying mineral b~s~ is as much as 30 feet t~ the organic subsoil, this shallow soil" generally is more permeab~below the surface;-it approad~es neutral in reaction and has only a
than typical Ryde clay loam~ has a big]mr water-holding capacity,
and ~s "~omewhat better suited to a wide range of the more h~tensix e~ynegligible content of organic m~tter. " ’

Ryue clay loam ~ the mos~ extensive Ryde soil mapped. Fairly
grown field crops, including potatoes~ o~ons~ and sunflowers~ as welllarge bodi~ .are in the northern part of the area~ particularly on as sugar beets~ aspara@s, corn~ and small grains.Ryer, Grand, Andrus, and ~,ler Islands, where this soil is ~vpically

Ryde sil~ clay~Ryde sil~y cl~y consists of a comparatively re-associated wifl~ tim Egbert and Columbi~ soils. ~1 fllese s~{ls ha~
a moderately high water-holding ca~acitv, are loose and ~ermeable cent o~,erwash of mineral allu~um resting on ~ thin layer of no~ably

..... ¯ , altered organic matter. The proportions of mineral and orzanic mat-and, w~th ~ few exceptlOnS~ have a smooth almos~ flat surface. Al-
though the Ryde soil, like the Egbert and related soils, h~ve a rela- ,

ter vary from pla~ to place, but tim mineral componen~ predominates
ti~-el3 high water table under natural c~cums~anc~, artificial drain- ~ in most places. On the whole, however, the dominant and most
age has ~en established thrgughout the gr~ate~ part o~ their area conspicuous, feature, is        .
and they are now a.hnos~ entarely under cultivation. Good yields
many different crops are produced on Ryde clay loam, among whid~ inches thi~, consisting of ~’a3ds~-brown or light reddish-brown
the more flnportant are aspara~s (pl. ~, A), sJg~r be~, se~d crops, lumpy or cloddy sil~ clay tlfat is slightly staine~and mottled with

yello~ and rus~ bro~;n. ~1 the areas where this layer is thicker (i~corn, ~’ain sorghum (pl. 2~ B), and ~all grahxs. As reaped in the has a maximum thicN~e~ of some 30 inches), it becomes lighter insoufliern pa~ of the area, Ryde clay loam includ~ an inexMnsive color and more highly mottled with light-gray, yellow, and rust-nonproductive variation. This inclusion occupies fl~e small~ meander- brown stains. It rests abruptly on dark-gray or black firm but per-ing ridges and has ~ limited supply of moisture~ a high content o~ meable faintly granular we~-decomposed m~ky material containing
a few fibrous remains of plant ~’agments. In few places more than
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1~ inches and mos~ commonly about .8 h~ches thick, fl~is buried layer ~ion o~ the same crops as are grown on the Eg~rt soils. Beans, sugar
~’ades into brownish-~’ay mottled stMned firm clay with a high or- beets~ and seed crops are well adapted to Ryde ~ilty clay loam, although
ganic-matter content. T~is, in turn, ~’ades, at a ddi)th ranging from large acreages are utilized for aspara~b potatoes, onions, aud even
~’~ t.o 48 inches, into gray less mottled~d~nse clay and ultimately int~ ~or small aud less satisfactory plantings oI ~lery.
the characteristic underlying light-gra3 mineral substratum. The smaller bodies predominate in the southern part, where

~ost areas of this soil lie on each side of fl~e Calaveras River, in commonly occupy narrow winding ridges of former open sloughs. In
~he later situations ~ nons~’icultural variant o~ the soil o~urs.the Smith and Sargent-Barnhar~ Trac~. None o~ the soil in the

Smith ~ract is utilized ~or crop production, as this tract ~s the site Owing to their slightly higher elevation, all these narrow bodies are

part being occupied by a gol~ course and G~e eastern par~ by resi- irrigated with difficulty and are generally devoted to the production o~

dentialdevoted subdivisions.wholly to agriculturalIn the Sargent-Barnhart pursuits. It is plantedTract’ chieflyh°wever’~o corn,it is sUChRydenOnirrigatedsilty clayCr°PSloam,aSshal~wthe smallphase.~Thegrains~ includingshallowmilo.phase of R5, de
beans, al~alfa~ and asparagus. Smuller~ more pooEy drained areas silty clay loam differs from t~ pical Ryde silty clay loam ~n having a
northeast of Holt are used mainly for pasture, more highly organic lower subsoil layer, comparable to the martial

The mineral surfa~ soil is moderately ~per~ous~ owing to its fine of the Egbert or Staten soils. This soil has a typical sur~u~ soil,
texture~ firmness~ and density. ~ contrast~ the organic layer is ex- consisting of ~ gray or ~ay-brown fMntly lumpy to cloddy silty clay
tremely permeable~ and lateral movement of w~ter~ particularly ~rom loam having a pH value o~ about 5.5 and an o~ganic-ma~er con~en~
the deeper ditches along the river bank~ is free. A large par~ o~ the slightly less than 30 percent. ~n upper subsoil layer is pre~nt
soil is irrigated by ta~ng advantage of this circumstance; ~ small acre- places ~t ~ depth of about- 15 inches. This consists of ~’ay silty clay
age at the ~estern edge of the body is irrig~d by spud ditches, and loam or silty clay~ that has ~ moderately high content of r~co~zable
some of the soil at the eastern edge receives surfa~ irrigation as on the plant remains and slight mottles of rus~ bro~ and yellowish brown
ad~a~nt mineral soils of the lower valley plain, and is slightly more firm and dense than the surface soil. At a depth

~yde silty clay loam.~The profile of R~,de sil~y cl~y loam is ranging from 15 to 50 inches and averaging about ~ inches tl~e upper
~ypical o~ the soils o~ the Ryde ~ries, but like R~de day ~oa.m it includ~ subsM1 layer or the surfa~ soil res~ on the. characteristic definitely or-
~reas o~ darker colored more highly organic material~ which is transi- ganic subsoil. This layer is made up of varying layers and lens~
tional ~oward the Egbert soils. The only important difference between dark-gray well-altered organic material containing appreciable quanti-
tl~e sil~y Clay loam and the clay loam m~mbers is one o~ more silty rex- ties of light-brown plant fragmen~ a~d dark-brown fibrous and
ture. The 15-inch surface soil is gray ~r s0~newhat light ~-ay granular ma~ed peat. Th~ altered orgasmic material is the more ~mmon~ and
to lumpy silty clay loam having a pH ~ alue of about 5.5 and an organic- normally it has an organic content of about 50 percent~ with the p~
mater content of about 30 percent. The organic matter is finely value ranging from 5.5 ~ 6.0. The light-gray mineral substratum lies
divided aa~d noticeably altered. The surface soil grades ~to a some- a£ u ~,a~i~g ~th. ’

Ryde sfl y c y loam~ shallow phase, is m~pped largely in the more
northern par~ of the delta area. It is closely associated with typical

what firmer more ma~ive subsoil contuhfing numerous moderately
altered, yet ideutifiable~ plant ~ra~ents; otherwise fl~e~ two layers
ur~ sh~fiar. Th~ upper part of th~ subsoil is slightly mottled and Rydu silty clay loam and generally repr~ents the contact or transi-
~ained with light gray, ye]low~ and rust brown and wigj~ almos~ black fional zone between that soil and the adjacent Egbe~ or Stain soils.
alteration products. The lower par~ which extends ~rom ~ depth of Owing to i~ mor~ highly organic character, and its cons~uen~ly
a.bout 30 h~d~es to ~. depth of slightly ~ore than 50 inches, comprises higher water-hold~g ~paci~y and permeability, this soil is somewha£
strata of dark-~’a~ softly fibrous peat~ ma~rials and ~ratu o~ light better su~ed to many of the more in~nsively grown field crops ~han
brownish-~’ay finely divided orgauic and mineral c]~ys. With in- ~s typical Ryde silty clay lo~m. Except for a slight tendency ~o
creasing depth tlm ~ormer strata, d~reas~ in importance-and magni- puddl~ and become cloddy~ ~hich necessitates greater attention ~.o
tude~ and below’a depfl~ of abou~ 100 inches the clayey strata pre- bring it ~o satisfactory tilth~ fl~ shallower soil is as well suited as
dominate. ~n th~ deeper parts the thinning laminae of organic mate- Egber~ muck for ~he production of sach crops as pota~oe% corn~ and
rim consist o~ light-colored so~tly fra~nental pie~s of, reeds ~nd onions and is wholly satisfactory for th~ produ~tio~ o~ less-demundin~
sedges. The several, component strata in the m~bsoil ha~ e approxi- crops~ such as asparagus~ sugar beets~ and small grains.
mate]~ the stone pH ~ alue and the same conteut o~ organic ma.t~er as the
corresponding strat~ in the clay loam member of ~he Ryd~ series, s~c~o s~s -

Small and large bodies of Ryde silty cla~ lomn are scattered through- ~Iemb~rs o~ th~ Sacramen~ series are essentially mineral in char-
out the delta ~rea. h~ost of ~he larger bodies are in tim northern p~rt,

ac~er~ although they h~ve ~ moderately high content of ~oroug~ybetween bodies of either Columbia or Sacramento soils on the one h~nd altered and incorporated organic matter. They ar~ de~ ~lop~d on
and the Ryde or Egbert soils on ~h~ oflmr. These bodies are compara-
tively smooth, ahnost flat~ and only slightly higher than the in~erior

alluvial sediments occurring ~n basinlike depressions abutting the allu-

par~ of fl~ island or tract. They are ~:~ble of being irrigated by
vial ridges of the major streams. They exhibit an immature but

the usual s~ stems of spud ditches and are de~ o~ea largely to the produ~-
moderately developed profile, which is largely obscured by the



32 UNITED STATES DEPARTRIE~NT OF AGRICULTURE SOIL SURVEY OF SACRARIEI~TO-SA~

~=~’:: ......°’ quent surficial additions of new alluv~mn tha~ continued unt.fl stopped on the less alkaline areas, and even on such areas the~ are seldom so
satisfactory as those on the nearby bodies of Columbla soils.by fairly recent reclamation of the land.

"Although the Sacramento soils occur fin comparativel-¢ large bodies Two small bodies are in the Newbope District, north of Beaver
~..-,." along the northern and eastern bound,qries of the area~ they are no~ Slough. These are characterized by a decidedly sandy and permeable
:-.~:--:=~-: . -" peculiar to the delta area as are the soi~ previously describe’~t. They subsoil containing variable quantities of fine mica particles. These

.:.~...~:,~._. ~ . occupy far more extensive bodies,along the Sacramento River north ’two bodies occupy minor ridges above the general elevation of adjoin-
~.: ~. -.. of this area. Typically, they ha~ e a 12- to,18-inch surface soil con- ing soils and appear to represent a former location of the l~fokelumne

sisting of gray or rather dark gray lump~ or cloddy fine-textured River channel. Th.e difficulty of irrigating them adequately, together
~, . mineral material that cm,~ains about 10 percent o~ well-decomposed with their low water-holding capacity, restricts their utilization to

organic matter. This la~er normally has a pH. ~ alue of about 7.0 the production of winter-grown grains. Even for this purpose they

..~ ::. !.:... (neutral). In places, more or less altered fragments of contemporary are somewhat less well suited than are the heavier members of the

..... --." - vegetation are present and slight rust-brown mottles stain the root Sacramento series.
holes. This material grades into an upper subsoil layer of slightly ~ac~r.a,m.ento mucky loam.--Sacramento mucky loam has a surface
lighter colored, less organic, somewhat more clayey,, and moi’e dense .sou o~_aark-gray .or dark brownish-gray smooth fine-textured mucky
material. It has a neutral to very slightly al]~al~e reaction. The loam that has a high organic-matter content and includes fragments
lower part of the subsoil, between depths of 80 and 50 inches, is dull- of partly decayed vegetable matter. It overlies a somewhat more

-:.:~.:.-:. gray or rather bluish gray silty clay or clay, which is more cr less compact, heavier textured, and less organic dull brownish-gray or
dense and massive. In places, lime occurs in disseminated form, and bluish-gray subsoil. Calciumcarbonate occurs in nodular accmnula-
~ few soft calcareous concretionary accumulations are present, tons and m d~ssemmatea form m the lower part of the subsofl~ which

...... -%- In most places in. the delta area, the Sacramento soils contain also includes in many places conspicuous crystals and searegations
slightly more organic matter, show a more acid reaction througho’ut, "of gypsum. Rust-brown and gray mottlmgs are present m this layer.:z:..:.- and include fewer accumulations of lime in the lower part of the sub-- The surface soil is granular, friable, and easily tilled. The subsoil
soft than the Sacramento softs mapped elsewhere in Galifornia. The material is somewhat grayer than in the other soils of the Sacramento
somewhat higher organic-matter content makes for a better condition .series and _contains a comparatively large quanti~y of lime. It is read-
of tilth and a higher wa~er-holding capacity than are typical. From ~iy permeable and has a high water-holding capacity. The water table
the point of view of a~’icultural utilization, these soils approach the stands within a few feet of the surface, and under natural conditions,

.: quality of the Ryde soils. I-Iighly satisfactory yields of sugar beets, " drainage is impaired. When drained and protected from overflow.
~., " small grains, and other field crops are produced, the soil is productive and is utilized mainly for the production

- Sacramento 16am:--Sacramento loam has a more alkaline reac- asparagus and other special cro~s Alfalfa is ~rown to ~ome extent.
:: tion throughout than is.characteristic of the other Sacramento soils .... - " ¯but the soil ]s not well suited for tins crop, as the inadequate internal

as developed in this area, and in this respect, it more closely approxi- drainage is unfavorable for the d~dper rooted plants.
mates the typical Sacramento soils developed outside the area. The " Sacramento clay loam.--Sacramento clay loam is the most exten-
surface soil is about 12 inches thick and.consists of dark-gray rather sire and most widely distributed soil of the Sacramento series in the

..,. loose granular loam having a comparatively high content ~f very fine delta area. It is somewhat ~nore acid and has a slightly higher content
:’~"- sand. Some roots and fragments of contemporary vegetation are of organic matter, compared with typical Sacramento soils. The

present, mottles are very faint, and the reaction is neutral. In a few surface soil, which extends to a depth of 1~ to 18 indies, consists of
.. places, the content of calcium carbonate is sufficient to produce effer- ~lark-gray loose faintly lumpy clay loam having a pH value of about

- vescence in dilute hydrochloric acid. The surface soil grades almost 5.5 .to 6.0 and contai~ing about 10 percent of thoroughly altered or-
imperceptibly into an upper subsoil layer of dull-~’ay vm~, slightly game matter. This grades into very slightly compact somewhat mas-

._:..-.. i ¯ compact loam or day loam having a somewhat mo’re pronounce~l sire heavy clay loam, marked with rust-brown and yellowish-brown

~i~!,-) : mottling of rus~-brow~ and yellowish-brown stains. At a depth rang- stains along the root channels and crevices. At a depth ran~ng from
":~%:~,~: - :: ing from ~4 to 50 inches this material, in t’urn, grades into a lower 30 to 50 inches this material grades, in turn, into a ]oweF subsoil layer
:":~~ ::- :: subsoil layer that is lighter gray or more brownish gray, is less dense having a slightly lighter gray color, a looser and more permea]~le

.~.i’-’:L:~.: .: : and compact, and, here and there, contains visible lime accumulations, structure, and about a clay loam texture. The materi~l in the lower
subsoil layer, like that above, is noncalcareous and is marked byThis material has a definitely alkaline reaction, a pH value of 8.0 or

:.::::.~::.~ ....-. lnore, and it grades more or less abruptly into the light-gray massive blotches and spots of rust brown and light gray, indicative of decid-
:̄- ’ mineral substratum, which generally is calcareous, edly imperfect drainage conditions. In a few places the lower part

Sacramento loam is mapped only in the northeastern part of the of the subsoil includes one or more relatively flfin layers of dark-gray
- delta area. It merges along its lower boundary with the finer textured softly fibrous organic loam, approaching in character the subsoil me-

soils of the same series. Although the greater par~ of the soil ~s terial in the :Egbert and :Ryde soils. Wi~h increasing depth the me-
utilized for the production of field crops, especially alfalfa and sugar terial in the lower horizon gradually becomes lighter gray and merges
beets, comparatively large acreages are planted t~ beans, seed crops, with the underlying mineral substratum at a depth ranging from
and orchard fruits. Tree fruits--chiefly Bartlett pears--are planted 5 to 10 feet.
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Sacramento cla~’, loam occurs in large and small bodies, widely of organic matter than the typica] Sacramento soils mapped elsewhere.
distributed throughout the delta area. More than half the total area The t2-inch surface soil is dark-~xay or dark sli,~htlv brownish ~rav

loosely granular to cloddy clay.- The pH value-is a~bout 6.5. ’l~’hi~is in the northern part, between the vicinity of Cl,~]’ksbur~o-. and south-
ward to Cache Slou~h. These bodies occup~ fla~ parts of the rater- material contains much si!t and about 10 percent of organic matter
fluvial islands and are associated with areas of Columbia silty clay thoroughly admixed and incorporated with the mil~ral matter.
team and Sacramento loam along their upper margins, and alon~ When wet it is plastic, and when dry it develops a characteris!~ie
their lower limits they grade into areas either of the more highly adobe or adobelike structure, as it shl:h~ks, checks, and forms large
organic :Egbert soils or of the finer textured members of the Sacra.- irregular blocks that are further reduced by secondary checks to small

irregular frao_’ments and ~o’ranular se~re.~ations Stains on the root
walls and crevices are more pronounce~ and definite than in the coarser

mento series. The smooth configuration, fairly satisfactory tilth,
and normally high water table make this soil well suited to a wide
range of field crops, including asparagus, sugar beets, alfalfa, and textured members of this series. The surface soil grades into an
small ~rains. A narrow interrupted strip of this soil extends along upper subsoil layer of slightly heavier textured, lighter gray, and
the northeasten~ boundary of the area, particularly from Steamboat somewhat ~nore compact and dense material. Tlns extends to a
Slough to a. point north of Beaver Slough in the Newhope District. depth ranging from 30 to 60 inches and grades into somewhat bluish
Along the eastern and higher margin the soil grades into the poorly gray massive silty clay, which, in a few places, contains disseminated
drained mineral soils of the Stockton and Merced series. Along the lime and small s~ft concretions.western boundary it grades into ~he more highly organic :Egbert and A large part of Sacramento adobe clay occurs in association with
Ryde soils. The gradation between these two extremes is reflected soils of seYeral other series of mineral soils along the western bound-
in the fact that the more eastern part of the body is devoted to the ary of the delta area. Southward from the Hotchkiss Tract a
production of grain and pasture, and the more western part is planted narrow and intermittent band of Sacramento adobe clay lies between
to crops more characteristic of the organic soils, such as sugar beets, large areas of :Egbert muck and the more mineral soils of the lower
asparagus, and small grains, valley plain, of which Marcuse clay is the most extensive. Most of

In the southern extremity of the delta ~a~iea, ~rom Rough and Ready the soil in this vicinity is Utilized for pasturin~ livestock. Barley
Island to Roberts and Union Islands, s~.veral large bodies of Sac- and. mile are important crops on the few-cultivated areas, except that
ramento clay loam aggregate nearly 4,000 acres.. These are associ- a few of the sma}l areas along the eastern boundaries where Sac-
ated with equally extensive bodies of :Egbert muck, burned phase, ramento adobe clay merges into the :Egbert soil and where the organic-
and Burns clay loam, into which they merge along their boundaries, matter content, is slightly higher than elsewhere are planted ~o as-
In this section barley is probably the chief crop, although compar- paragus. The yields are so~newhat lower than on the more organic
atively large acreages of alfalfa, mile, and colin are producing saris- soilsto the east, and the plantings of asparagus can hardly be called
factory--yields. Dairying, as a result~ has become an hnportant successful.
enter~il~e on these bodies. - " " " COLIJMEIA SERIESSacramento silty clay loam.--Sacramente silty clay loam occu- -.
pies flat shallow basinlike areas only slightly above and in places The Columbia series--represented in the delta area by ~our soil
slightly below sea level, types---consists of noncalcar~ous mineral soils of’recent allu~ ia] accu-

The surface soil is dull dark brownish-gray silty clay loam, some- mulation. Typically, these soils occu,l~y slightly elevate,d, alluvia!
what plastic when wet, although it breaks up under cultivation into ridges along the more important watem~ ays, receivin~ at e~ er~ over-
a- friable and granular structure more characteristic of soils of lighter flow of the stream fresh increments of material deri~ed from’a wide
texture. It is underlain at a depth ranging from 6 to 18 inches by variety of sources. A conspicuous feature of this material is the small
lighter brownish gray somewhat more compact silty clay loam, clay but characteristic quantity of finely divided mica, indicative of a
loam, or clay. Both surface soil and subsoil are mottled with rust- gramt~c source, which suggests a relationship between this material
brown and yellow iron stains, especially along root channels and in and the light-gray underlying mineral substratum of the delta proper.
other openings. The lower part of the subsoil contains irregular The deeper and’more typical areas of the Columbia soils border the
seams and mottlin~s of accumulated lime, and at an average depth riverbank; with~ increasing distance from the stream the slo~)ing sur-
er about ~8 inches x~t. rests on a lighter brownish gray or dark bluish- face tends to flatten, drainage becomes poorer, and the s~l l~’rofile
gray substratum of calcareous clay loam or clay. approaches in charac.ter that of the lower lying bodies of the Ryde

A co~nparative]y high organic-matte~r content contributes to the and o~her more organic soils’.
friable structure. Uniter natural conditions drainage is inadequate, The surface soil of a typical Columbia soil consists of a light grayish-
but where drained and protected from overflow the soil is well suited brown, in places distinctly buff, fine-textured mineral deposit and is
to t-he production of field and intensively grown special crops of the highly mottled with streaks and blotches of rust brown, yellow, anddelta area. Sugar beets, onions, beans, and asparagus yield well, and light gray. The lighter textured soils are loose and permeable; the
barley and other small grains grow successfully, heavier textured soils are more compact. The reaction is neutral to

Sacramento adobe clay.--Sacramento adobe clay, like Sacramento slightly acid, and the content of organic matter is low--about 3 percent.
clay loam, is slightly more acid and has a somewhat higher content Without definite demarcation, this material, at a depth of about ~0
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’:~ ~ " inches, grades inte the subsoil, which is more or less stratified as to weeds covers some of the land, which is essentially wasteland, alt.hough
! ~’:" ::’- " texture, slightly lighter in color,-and somewhat more highly mottled it provides some poor ,p.,a, sturage.

but otherwi~ is essentially similar. With increasing depth, mottles Columbia ioam.--°ihe 10- to 14-inch surface soil of Columbia loam
become few and a light-gray color becomes dominant until the li~ht- is friable granular loam mottled with brown and yellow iron stains.

:~ ........ gray mineral substratum is ~’eached at~a depth ranging from 70 to~120 This is underlain by a subsoil composed of stratified medium to fine
4:" ": .... inches below the surface, sandy materials tha~ are permeable and moderately to highly mottled
.:....i :.: In addition to naturally formed alluvial ridges, the Columbia soils, with iron stains. Roots and moisture penetrate the soil. Drainage is
"~"~-:~o,.~:" ~,.- as mapped in this and other soil surveys, occupy some areas that have favorable where the soil adjoh~s stream channels, but in lower lying,
:~-’~ ". . resulted largely through man’s disturbance of a natural equilibrium flatter areas where the surface material has been superimposed over
..... ’~:--~ " along the streams. When high water ruptured th~ ~nan-~ade levees, darker colored organic softs a high water table limits development of
= ’--": :- ~he floodwaters carried in and d,e, posited stream a.llu~ ium o~ er extensive the deeper rooting plants.
-~-:’"::’-’:-’ ~: areas of the lower lying int.erflu~ ial lands. Comprising materials from This soil is very -inextensive but is mainly under cultivation and is
:’~":: ...." ’- both the natural alluvial-built ridge itself and the outer stream bottom, utilized for alfalfa, asparagus, milo, beans, vegetables, and grain crops.

.~. the resultant deposit generally represents a comparatively thin laver of Alfalfa is reported to yield about 5 tons an acre, and yields of other
’ ......." Columbia material spread over th-e buried soil. -These in~ clusion~have crops are good.

all the essential ~eatures of normal Colmnbia soils, except for shallow- Columbia silty clay loam.---Colmubia silty clay loam is the most
...... heSS and a slightly less pronounced mottling. At present no good e.xtensive and most Widely distributed member of the Colmnbia series.

~-~:~ .... basis exis~ for separating them from the typical C~lumhia soils, par- It has a profile typical of the Cohunbia soils. The surface soil-is
:~!:!: ~ ([ ticularly where they merge int~ ode another and hax e an involved and light-brown or buff friable to faintly cloddy silty clay loam. The
~-=~:- " " uncertain history, materialin this layer is neutral in reaction, contains ,1,ess than 5 percent
~":~: ’~?’ Under natural circumstances the Columbia soils support an open of organic matter, and is slightly mottled in its lo~ er part with rust-" growth of willows and cottonwood together With a g~:ound cover of brown and yellow stains. It grades imperceptibly at a depth ranging

shrubs, grasses, and herbaceous annuals. Despite the e~ idence of poor from 1~ to ~0 inches int~) an upper subsoil la~ er of light-brown fir~drainage in the mottled character of these soils, their slightly higher to massive more highly mottled material having about the same cha, -
position and generally sloping surface promote a better water relation acteristics as the surface material. This layer grades, in turn, int.o

. than characterizes the soils in interior sections of the interfluvial units, a lower subsoil layer, or substratum, that is more gray and very little~lfalfa, Seed crops, pear orchards, and a wide’variety of other intensive mottled. Below this is the light-glUey massive mineral material.¯._t-.o crops grow on the Columbia soils of the delta area. Farmers in this ~ost of the larger bodies of this soil are in the central and more
area especially prize these s~ils for producing pears, northern parts of the area, particularly along the main cha~mels and~:". Columbia sandy loam.~The surface soil of Columbia sandy loam distributaries of the Sacramento and Mokelumne Rivers, and several

:~-=. consists of light-brown loose very faintly aggregated sandy loam that small bodies are contiguous to the San Joaquin River and its distr,bu-~ varies markedly froifiplace to place in its content of coarse sand parti- taries. With the exception of those areas adjoinh~g the Sacramento
cles. Except :[or a few roots and fragments of contemporary vegeta- River in the extreme northern end of the area., the various bodies of

i~.~’: ,: ~.. tion, the content of organic matter is negligible. The reaction in most Columbia silty clay loam grade into slightly lower lying bodies of the
places is neutral. At a depth ranging, f~off~ 15 to 80 inches the surface Egbert and :Ryde soils. In places, particularly along the lower mar-soil grades im~ercepti,b, ly into a subsoil of similar material faintly mot-
fled with ric~,~,¢rowa~, 3 ello,w,, and light gray: In mostplaces the subsoil of              gins8 of feet theorbO~lies,less onthetheSoilburiediS comparativelYmaterial o~ thineither andtl~erestS:Egbert at a or depththe
rests abruptl~ on dark-gra~ highly organiematerial that represents the Ryde soils.

::-.,.:.~: surface soil of a buried Ryde-or Egbert soil. This soil is permeable, has a moderately high water-holding ca-
......... ~~~~ Columbia sandy loam covers a small total area, and by far the larger pacify, and may be readily put in a good condition of ~ilth. A small

part of it origina’~.es through alluvial deposits following the breaching part¯ of i~ is planted to barley and other small grains, 5 ields of wlfich:::-’?: ’: - of the nearby le~,ee. Specific dates of ol~gin can be definitely assigned~:, ":::. ~. are highly satisfactory. The greater part of the land--practically all
¯ -~.:~7.>:-’.:.:_ :’- to many areas. For example, the body centrally situated in ti’~e western of the northern areas--is set out to orchards of pears, plums, pea~cl,~,es,~::i:: i - .... part of Brannan Island was built up after flm’breaching of the Sacra-
.~o~’:~:-~ " mento River levee during the high water of ]~farch 190-7. Similarly, cherries, and other fruits or is utilized for the production of beans,

truck crops, and vegetable seed. The soil seems to be excellentlythe body ~n Sherman Island had its origin in the levee failure of~:, ....... suited for the latter uses, owing to the ease with which an almost
-~.%--:: -~. 1889, and that on Bouldin Island in the disaster of ~Ia.rch 1904. perfect seedbed can be prepared.

Tlm low water-holding capacity of Columbia sandy loam and its As recegnized in this survey, Columbia silty clay loam includes a small- generally slightly higher position above extensive adjoining soils limit part of the soil mapped as Columbia very fine sandy loam of the Lodi- its agricultural value. & large part of the land is under cultivation,,
are~ (5). Only the very fine sandy loam was recognized in thathowever, and the areas of shallower soil, where the buried organic me-
sur~ ey, and the soi!~ grades into silty clay loam in the vicinity of the~- - terial ~rovides the major zone ~f root activity, are !~lant.ed !~rin~,i, pally boundaries of the t~ o areas.

:,: :.:"7 ., to barmy, .alfalfa, and asparagus, A brushy gro~ th of ~ illo~ s an4
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Columbia silty clay.--The 15-inch surface soil of Columbia silty material, with moderate success. New methods and practices will
clay consists o~ light-brown or reddish-buff.softly fir~ to cloddy silty have to be developed, particularly for the control of soil moisture,
clay. In a few places the undistu’rbed in~ned~ate surface material before the land can be used profitably ~ox" cultivated crops.
has ~ definitely gray cast, although the prevailing color is light brown.
This material has a low content of organic ~,atter and is neutral in SOILS OF THE DELTA ~IARGIN
reaction. ~{any ver.~, fine root holes and ~re~ ices thread the material. The irregular boundaries of the delta area include all of the moreThese are stained m{d coated with rust blown and yellow, especially highly organic soils that are peculiar to this deltaic basin and ex-
in the lower p~rt. ~e surface soil grades into ~ lower layer of ligh
brown or light gra~ ish-brown rather dense masAve silty ~lay or cla~: elude all but a minimum of the mineral soils that are more charac-

teristic of the adjacent valley plain. The soils of the first group
w.hich is even more highly mottled than the surface nmtdrial. In turn, are described in the preceding pages; it now remains to mention th’e
this grades almost imperceptibly through ~ lower subsoil layer of surrounding areas of mineral soils only briefly, as they have ah’eady
intermediate material into the light-gray mineral substratum, been covered in considerable detail in recent soil surveys (2, 3, 5),

Columbia silty clay is mapped mainly in the west-central and north- to which the reader is referred for more detailed descriptions.
eentral parts of the area: h~ore than one-half of the total acreage 0akley sand.--Oakley sand (3) ~s a nonealeareous soil formed
occurs on Sherman Island. Here, the soil is comparatively shallow o+ material transported and modified by wind action, and if’has the
and rests, at a depth ranging from 15 inches to +bout ~0 inches, on characteristic configuration of aeolian deposits. There is no evi-
the slightly fibrous and highly orgmnic sue+ace m’ateriml of the Egbert denceof the development o~ a profile. The soil consists throughout
soils. It represents a comparatively recent overwash, and much of it of light-brown loose to slightly firm somewhat loamy sand. Small
~s probably related to rite ins+clarions during the earlier days o+ rec- bodies border the southern margin of the western apex o~ the delta
lamation. Practically all o~ the bodies on Sherman Island are under area, where they have largely been brought under cultivation.
cultivation and are ~lmost exclusively planted to asparagus, a crop Plantings of ahnonds and grapes predominate.
especially well suited to this shallow soil. _&bout 1,000 acres of Montezuma adobe clay.--h~ontezuma adobe cl~y (3) is a mineral
Columbia silty clay occur on Brannan Island, and here the soil ranges pedocalic soil having a moderately mature p.rofile and developed o~+-
from about 40 inches to more than 10 feet in depth. ]~any different old transported materials. The surface sotl of dark-gray or b]aek
crops are grown on these bodies--tree fruits on the slightly higher

ad~b.e c]a.y overlies ~+ ~ighter colored calcareous subsoil. ~?he soil issituations along the river, alfalfm and barley on intermediate slopes, ’ de~ eloped on the firt_u sediments that gave rise to the ~Iontezumm
and asparagus and sugar beets on+ the lower lying and more shallow Hills of the northwest side of the Sacramento River below the town
soil. Small areas are on Roberts and ]~Ied+ord Islands and elsewhere; of Rio Vista. This is a soil of small extent and.is devoted entirely
these are variously used and commonly represent narrow tongues to the prodhction of small grains, particularly wheat and barley.
bordering the more important chmmels. ~ap.ay silty clay Io,~m.--Capay mlty clay loam (~) ~s a mmerai

~edocalie soil having a moderately well developed profile. It has am+S.CE~m~.OVS ~ ~P~ null grayish-brown surface soil and ,~ lighter colored heavier rex-
Made ]and.--A_s mal;ped in the delta area, made land comprises lured slightly ca]careous subsoil. It is developed on valley alluvial

the several comparatively large areas of soil resulting from the deposits havin~ their source mainly in sedimentary rocks. A very
operations of hydrmflic dredgers along the .channels of the two major small body of t~his soil occupies the low nearly fl~t.basin in the upper
rivers. It consists of unassorted deposits, several feet tlfick, and of part of the Hastings Tract. Tt~is area is poorly drained, and most.
river sand, together with an admixture of silt and clay. These have of it is planted to barley.

been pumped into certain situations enclosed by levees adjace~ to the Lindsey clay loam.--Lindsey clay lo,-an (2) is a calcareous mineral
soil having a rather strongly developed profile and occurring in lowrivers and normally rise to the height of the encircling le~ ee. In
alluvial basinlike +are~ with restricted ~,ainage. Its dull-gray sur-one place, at the southern tip of Brmman Island, ~ second levee has

been built and filled with additional dredger spoil. In addition to face soil rests on a lighter colored hea~ ier textured calcareous sub-
the areas along tile Sacramento River, from Steamboat Slough down- ’ soil that contains some lime concretions ~n the lower part. Several
stream, several ha.,ve been built recently of this material along the. very mnall bodies occur in the delt,~ area, alon~ the western bound-
course of the ne~ deep-water channel to Stoclc~on. Generally, a ary.northward from Rio Vista. These have nl~oderate to high con-

tents of salts and are used for the limited grazin~ they afforddense growth of w~llows rapidly covers the areas. In some places,
however, wind blowing becomes ~ proble~ before this cover estab- Antioch fine sandy loam.--Aa~tioeh fine sa~dy l~am (~i" is a
lishes itself. This condition seems to pre~ all along the Sacramento pedoeal~c mineral soil having a.pronounced solonetzlike profile and
River, and it has been necessary to protect the several bodies along ’ developed on slightly elevated alluvial plain and terrace materials.
that stream with plantings of bunchgrass, set out by.hand. A light-brown sandy loam surface soil rests abruptly on a dense

Made land is largely nonagricultural and probably will be utilized columnar clay horizon that is slightly calcareous in its lower p~i~+
principally ~or grazing purpose~. A number of sm~ll experimental Three or four very small bedies of this soil are in the vicinity and
plantings of truck crops and potatoes have been made on this raw north of Rio Vista. They are valuable chiefly for the grazing they

I
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afford, although in some seasons they are pla.nt~d to barley or more than salt or brackish ~narsh~ supporting a ~ver o~ p~ckleweedwheat.
Stockton adobe clay.--Stockton adobe clay (2~ 5) is a pedocalic (~ico.~’Ma sp.) and sal~grass, and ihey are entirely nonagricultural.

. marcus~.clay.~Marcuse clay (3) is a calcareous mineral soil hay-mineral soil develol~d on the lower almo~ flat part of the valley
mga weakly to moderately well developed profile. It o~c~:rs h~ theplain. Drainage ~s poor, and the dark-graypr black ~d~be clay,nag- lower and more nearly flat par~ of the valley plain. ~5 ~thin theterial rests, at a depth of abou~ 3 feet, on a cemparati~ e]~ impervious delt~ ar~a it _occupies long irregular narrow" strips bordering th~substratum. The lower part of the subsoil~ at the point of contact wes~er~ boundary from the Byrou Tract, norfl~ward to the ~otch-with the substratum, generally is marked by intermittent plates oi kiss Tract. I~ has u dull-gray heavy clay surface soil resting on alim~ hardpan. A ~w small ~dies border th~ northwestern bound-
~nPa~ati~el7 p~rmeable although slightly heavier textured subsoil.
xne subsoil ~s lnghly calcareous, as is" the surface soil in a few in-
stances, and the whole soil is subject, to injurious concentrations of

ary of the delta area, and larger ones border the eastern boundary,
nd~th of Stockton. Some of the less poorly drained areas are planted
to barley with fair suc~ss; the greater p~r~ of the land is utilized, saline salts. For this reason~ and also on account of its hnperfec~however~ for the ~razing it affords. ¯

Stockton clay ]~am.--Stockt~n clay loam (5) occu~ in the eastern (~ra~age, ~farcuse cl~y has low agricultural value and is u~d chiefly
zor rne grazin~ of li~ estockpart of the delta area~ where it joins’t.he Stockton soils of the Lodi Rincon cla~ Ioam.--Rin~on clay loam (3) is a mineral pedocalic

area. Compared wifl~ Stockton adob6 clay~ it occupies slightly mor~
elevated ridges or areas~ has ~ little better developed drainage, and soil having a moderately developed profile and occurring on th~ lower

parts of alluvial fans and piedmont plains. The surface soil is browngenerally lacks lenses or plates of.lime cementations in the ~ubsoil. or ra.t~er dark brown slightly cloddy clay loam~ which rests on a
The surface soil is dark-gra)~ or black cloddy clay loam~ underlain slighfl~ more ffense and heavier textured subsoil. Lime occurs, in tM
at a. depth ranging ~rom 6 to 1~ inches by dark cloddy clay loam or lower part of the subseil in disseminated and sof~ concretionar~ form.cl~y. Th~s grades into d~fll-gray materiai containing soft cbncretions
an~ accumulations of ~me. The soil is shallo~ is imperfectly Two small bodies border the western boundary of tim delta are~ west

of Werner. They are planted largely to barley or are devoted todrained, and is bes~ u~ilized for small grains and pasture.
Merced s~ndy loam.--~Ierced s~ndy loam (5) ~s a mineral pedo- grazing. .

Brentwood clay Ioam.--Brentwood clay loam (3) is a mineral soilcMic soil ha~ ing a fairly strong de~ elopment of a profile.. It occurs of pedocalic tendency, having a somewha~ weal~y to moderatelyon the nearly fiat lower parts of the valley plain in association with well developed profile: The surfa~ so~l is brown or rich bro~~@~.on adobe clay: The dar~gray sandy loam surface soil has an a~d rests on a slightly heavier textured richer colored upper sub-alkaline react.io~ and rests at a depth of 2~ ~nches or less on a subsoil
layer or substratum of ma~ive moderately firm slightly finer e extured soft layer. This grades into the lower par~ of the subsoil, which¯ ~ is lighter color~, ~ore permeable, and, in many places, c~lcareous,material containing concentrations of lime carbonate. Several small and contains thin seams of ca.lcium carbonate in some places. Onlybodies are along the eastern boundary~ from the Shima Tract norfl~- one small body is in th~ delta area, along the w~tern boundaryward. Drainage ~s poor, and .salts have accumulated ~n in~ulbous south o~ Werner. This soil is associat.ed with Brentwood cl~y andquantities. The ]hnd is used chiefly for grazing. " ¯ with the more extensive Marcuse clay. One l)a~ of the area joins with

~ few very small areas o~ a lighter colored soil are included in an area of Brentwood sandy clay loam in ~ontra Costa County (3),mapping. These were recognized in the adjo~in~ Lodi area (5) as
~I~ced s~nay l~, light-colored phase.. Xnoth~r inclusion" jSins Grazingand hereisthetheSurfaCeonly useS°ilforiSthisS°mewhatsoil, more sandy than elsewhere.~lth Hartford sa d~ loam~ calcar~us-subsofl phase of the Lodi area, Brentwood clay.~Brentwood clay (3) has g dark-brown silty clayinto Which i~ grades, surface soil and a somewhat heavier textured, more dense, andZamora loam.~Za.mora loam (3) is a mineral noncalcareons soil. more compact ripper subsoil layer, which ~’ades into a lower sub-it has ~ youthf~ to innna~re pr6file ~d is developed on old alluvial

soil layer ~hat is similar, except that it contains rather hea~ ac-materials of file lower parts of slightly sloping alluvial plains and fans.
The dull-brown surface soil rest~on-a d~rk~" colored~more compact, cumulations o£ lime. "£wo small bodies of this soil occur in asso-

ciation wifl~ Marcuse clay along the western boundary of fl~e deltaand heavier textured upper subsoil layer. This grades h~o a light- area, sonflnvest of Werner. Tlus s6il occupies the lower and ahnostbrow~ firm relatively pervious lower subsoil layer. The material is flat. part o~ the nearby valley plain~ It is more poorly drainMnoncalcareous throughout. One very small body is situated north- is typical for the ~rent~od s~l occurring elsewhere and is used
wes~ of Werner, and two are h~ the extreme western part of the area. principally for the ~razin~ of li~ estoek. ~ small acreage is plantedThe latter two are planted ~n part to barley and ~n part are used by to barley in some seasons.a commercial gmx dub. The first-mentioned body xs planted to a~
orchard, which is a part of a ~nuch lar~er ~lantin~ of ~rees on a ~ .~ola~.o .silty. cl~y.--Solano silty clay (3) is a mineral pedo~lic

s3~ hav~ng ~ strqngly develope4 so]onetzlike profile. A gray partly
slightly higher soil. . " .... ~[ ~enocculated surface soil rests abruptly on a subsoil of dark brown-alviso clay.--A few ~a~ bodies of the highly saline recent lit-
toral deposit designated as Alv~so clay (3) occur along the south ish-gray dense cohunnar clay. This grades in~ a lower horizon
shore line of the San goaquin Ri~ er east of Antiod~. These are little of more permeable, yet massive, material containing both dissemi-

nated lime and soft calcareous concretions. One body of Solano
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~ - - " - " ~ fl~e encircling valley plain~ where they are subj~t to poor drainage:::~’~::"? " " silty ~lay, about 500 acres in extent, borders the boundary in fl~e and to in~urious concentrations o~ salts. Collec~ively~ thes~ bodie~~7~(:Y?:)." southwestern corner of the d~lta area. Its imperfect drainage and
.constitu~" the broad transitional zone between the be~ter draine~L~ c_:.}:_. :". content o£ s’~lts restrict its u~e to grazin

~ Herdlyn loam.~Herdlvn loam (3) is a pe~tocalie mineral soil hav- mineral soils of the upper vullgy plain and the wet organic soils of
~-~ ......~ mg an amperfectly developed so]onetzhke ~profile. It consists of qeltaie bas~.

~’--:: light reddish-brown partly deflocculated loam resting abruptly on ~ organic soils bear an even closer relation to on~ another tha~
..... dull reddish-brown dense cl~y of columnar structure. This gr~d~ .~ e a~i~oral soil~. Four of them at leas~poss~bly

" -~l’ived ~;:~i~ tlle water-saturated mantle o~ tule-ree~ peat.,,~,.~.~z;.~i:--. into light reddish-brown less con]pact slightly cal~i’~us ~naterial
. . . . .

. . ¯
..

. ¯
. . -~containing soft calcar us concretions. "One err small body

...... -. of the soil occurs in the southwest corner of the delta, area whero
~7:~:~:~:.:,.~..:: it merg~ with th~ body of Solano silty clay. Lik~ that soil, H~rd-
¯ " ......... lyn loam is restricted by impeded drainage and salt content to what-
.... .. :..~:::::~:~ ever grazing it affords. .

’ ,:,:’,:~,:’":~ ... Clear Lake adobe clay.~Clea.r Lake adobe clay (3) is a mineral
..... -"~:---. soil of relatively high organic-matter con~ent~ developed on old
,~......~..~ ~.. - alluvial m~rials in low~ flat, or shallow basinlike areas where dr~in-
~’~"~"~" ’ age is poorly develo~d. Th~ surface so~l is dull dark brownish-
:~.-~--,~ -~,’~, gray or black heavy clay that is plastic ~hen we~ a~d shrinks and

cracks wheu dry~ forming ~ characteristic adobe structure.It is locally on some ~or~er land surface. It appears highly probable tha~
" all the major streams and most o~ the minor ones’trove occuph:,t

:~-. 5:~ :: : essentially their present posit~ns d~ ..... ; brown, dull yellowish brown, or dull ~’ay, mottled with rusty brown
~5:~’~}:~;’i-?.~:..~ in the lower part. This contains lime segregations in the ~orm of umulation. ~ the mineral base ~. ~ "
:~:~-~: ::". thin seams and mbttlings. The surface soil is difficul~ to till excep~ accumulated~ the streams simultaneously bmlt up their bo~dern
"~...... -- under factorable moistur~ conditions, when it can be worked into alluvial ridges.
:~.~~:::-~-~ u friable condition with heavy farming machinery. The soil is us~ These deposits o~ accumulated plant remains exhibit remarkable
..~:~:.~v:-::.’., : in par~ for pasture and in part is cultivated, m~inly-to wheat and unifor~nity throughout their o~urrence; even the differences between
~~:"~’~;~;:::~:":: barley, th~ deeper and tlm shallower accumulations ar~ mor~ dim~ns~onal

than ualitative. In general~ they consis~ o~ a comparatively
--, surfic~l layer of tule peat re~tmg 9n ro

~oil is the roduct of the for~s of environment acting upon the peat. which ~aches downward to the ¯ -
~ ~ P    . . .

~~_ ~ soil matermls deposited or accumulated by geologic agencies. The have been classified by Dachnowski-Stokes (6) as the ~San goaqu~.u
~.~,.,~. ~--,, characte~stics o~ the soil a~ any given point are determined by (1) fibrous rule-reed peat~." The Correra~ Venice~ and S~aten org:mw

~:,--: " the physical and mineralogical composition o~ the parent soil ma- soils ~questionably have been formed from this type of material,
~.:" ~erial; (~) tlm climat~ under which ~h~ soil material has accumulated and it seems probable that ~he soils of the Egbert, Ro~er~s~ Burns~ and
:"~ " and existed since accumulation; (3) tim relieY~ or lay of the land~ ~i~r series have had a similar origin~ with an admi~ure of more

"" ~ which ~fluences the local or ~nternal climate of the soil and its less mhleral material.. Apparently they have been modified in sev-
~::’~"~ drainage, moisture content, aeration, and susceptibility to erosion; eral ways : (1) By tim breaking down of the relatively ~e, fibrous, and
:" " ~4~ tl~ biologic ~orces acting Ul~On tim soil materi~]; tha~ is, the matted l~t remains~ which have been changed ~o more or less

~l~nts and an~nals living npon and in it; and (5) the length qf ~ime bonized~humified, loose, nonfibroUs, crumbly organic material; (~)
...... ¯ " by subsidence h~to u denser and more compact condition, especially~he chmahc and biologic forc~ have acted on file so~l matei ~al.

’- The Sacramento-San goaquin delt~ area constitutes one of file the lower par~ of the subsoil; and (3)b3 accumulation of salts~ml

more dis[inct elements in th~ complex physiographic and soil pattern l~ne. Th~ lat~er is more or l~s transitory and not uniform. The

of California: Its peculiar pedologic, physio~’aphic, a~’onomic, and’ moi~ure-holding capacity of the org~niz mater~al, .i~s loos~
meable charact~r~ ~nd tl~e ~requent heavy applications o~ ~er~z~’~"other features make it definitely unique.Although the soils differ markedly from other soils in California, caus~ marked v~riations both in hydrogen-ion conten~ and ~ saJ~m,~ y
within short distances and within brie~ periods o~ tm~e.most o~ tlm soil~specially thoze having a high conten~ of organic ¯ ¯ ¯ ..

matter~i~play man~, com~on characteristics and bear close, relation- irrigation, cultivation, and burning h~ve ~11 ha~ m~d~ymg
sl~ps to one another. Even t]~ mineral soi]s~ which,border fl~e delt~ on thes~ soils~ and in many places subsidence has ~een consmer:m,

_ proper: have many f~atures in common. All are de~ eloped on trans- sinc~ the ]and was reclaimed. Some o~ tl~e differences in thes~ sol
pored materials of mixed m~eralo~cal composition, and generally are doubtless due to the ch~r~¢~er o~ ~he vegetation gi~ng ris~ to

:- :" haw moderately w~]l developed profiles o~ more or less de~ite differ~t layers rather than to processes of soil dewlopment.
:’ :-~ =~.: ~ pedocalic tendency. They range from brown to dark ~-ay~ with tlm Of the organic soils derived from th~ rule-reed peat~ Correr~ p~.~.

~ = ::~"" ":: " ~av tones predominating. With but few no~ ~,ery significant excep- apparently is the leas~ altered. ~enice pe~ty muck consists of a

~:~.:.- ~ ..... .. ~ions, they occupy almos~flat basmhke s~tuat~ons on the lower slopes
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tex~ured~ apparently partly altered surface soil resting on all e~el~- T~mx 7.--Orga~dc-matter co~tc~t of samples of ccrtafn, soils ~rom

tially unaltered, subsoil. S~aten. peaty muck. . appears to rei~resent, a ~cMo-San JoaqM~. delia orca., Calif.t

slightly more advanced stag~ m d~omposlt]on. It has an altered ¯
Organic Soi! typo and ~mpl~ No. Dep~"] Organicsurfac~ soil and a partly altered subsoil The Egbert soils have a son type ~nd sample No. Depth matt~ ~alier

higher proportion of lninera] matter t.han~o the Correra, Venice, and
Staten soiis. They consist of a markedly altered surface soil grading ~,~, ~ ~,~*’
into a slightly more dense and equally altered subsoil, wMch includes ~o~t~,~: s~s~ .................... ~x~ ~.~

~78701 ...................." ~ 6 31.0 578710 ....................1M0 77.

strata of allm~al sediments in pla~s. Roberts muck repr~engs a still ~s~o~ .................... ~ 4~.6 Staten peaty mu~k:
more advan~d sta~e in alteration. It has a highly altered and rain- ~0~ .................... ~-57 lo.5 5787n .................... ~12 6~.~

B~ns clay loam: 578712 ....................1~0 70.

erahzed surface so~l, a ~mrly well developed platy and dense subsoil, ~Ts~ ................. o- 7 ~.~ Veniee peaty muck:
1~0 55.and an underlying mineral substratum~ into which the soil-forming ~n~ .................... ~-a8 2.8 578714

Veni~ pe~tv muck: ~yde. silty cl~y
processes are beginning to perpetrate. Burns clay loam is characterized ~s~o~.2 .................. o-~s ss.s s~sns .................... o-~ ~.~
by a thoroughly altered surface soil in which the organic matter has ~s~ .................... ~s ~.~ ~an6 .................... ~-~0 ~.~

Eg~rt muck:                                     578717 .................... 30~2      ~6.been almost destroyed. This material grades Nto a distinctly modified
subsoil. The Piper soil is si~l~r in profile to the Burns but differs in , Dete~inea by ignition Mter oven drying 4 days at 60? and ~ da?~ at 70° e.
having ~ comparatively high conten~ of lime and soluble mineral sal~.

Tables 6 and 7 present the results of laboratory determinations Thr~ additional series of soils the first partl)) the ofl~ers wholly
of tim reaction, the organic-matter content, and tim relative quan- mine~.l~complet.e the group of soils that have g~ve.n a definite peti-
t,tips of the several soluble sal~s~ as these occur in the several typical ologic distinction t.o ~he del~u area. ~[enabe~ of -these series are
major horizons of organic soils, comparatively extensive and occur in all parts of the delta, those of

the fi~t two either on or near the alluvial ridges along the interlaeh~g
TA~ 6.~H determ~natio~s, ~gnitio~ ~oss, ant co~t~ of soluble salts ~ o~ waterwayg and those o~ the third near the lower flat overflow basins.

samples o~ severa~ organio soils i~ the ~ramento-San Joaquin delta ar~ The first of thee, soils of the ~yde series~ are develop~~a~. - deposit o~ fine-~xtnred mineral sediments and hnpure re~-sedge p~.t
containing varying admixtures of herbacenus plant remains. The
Ryde soils ocet{~" on the immediate banks o~ most of the small sloughsSoft type and Depth p~ tion C0~ HO0a C1 S0~ Na Casample No. ~o~ ~d in~uositions that. are slightly_ ....more distant ~om the ma~or ~reams.-
In such places they occupy more or less gently sloping plums ~nter-

~,~ I ~ ~,~ ~,~ ~ ~,~ ~ mediate in elevation bet.ween the h mr mineral soils ot the stream
~ P~ ~u~o~: ~u~ ~t~ ~,t~o, ~a~o, ~,~o~ ~,t~o~ ridges and the lower interfluvi~bodies o~ highly organic ~ils. On

/ ~ s0 ~.s ~ o ~ ~0 ~ ~o0 ~ ~ the bases of their profile characteristics, pa~ent material,~n~ ,~t~ ~u~k ~ ~.S ~ 0 ~ 7~ ~0 (’) ~ cumstanees o~ site, it is apparent they ha~ e_deY~9)?ed ~rom a more
~ ~ ~.~" o°~ o° ........~ ~s s~o~°S<,)~ ~o~ ~3~ or le~ distinctive, type ot both minei’al und ~j~t~ial~whid~ may

3taten p~ty muc~ 1~ SS S.~ S~ 0 W ~S ~ ~ ~S ~ ill ua~ have been a~cumulated ~om ~ thin vegetative cover
(average of 17 ~I~ 5.9 ~ 0 . ~ - 1~ 375 ~0 I~~p~) .......... ~ ~.3 is o ~s - s~ ~v ( i~ ~ and sedges mixed with herbaceous marshplan~. ~Sud~a cover wo~d

~,~+ ~.s ~ o m ~,s ~s ’~ ~ a~ a~ow ~he comparatively slow ~nflow o~ sediment-laden w~ters~ ~ ~.~ ~ o ~ ,~ ~.~ ,,~ ~,o ~s~ dj promote ~he se~tlEg~muck (aver- ~ S~ S.S ~ 0 ~ ~2 -~0 0) ~3S ~ a acent streams and would ~g of these sediments.
age of 4 ~mpl~).. 87-177 5. 9 34 0 ~ 47 1~ (s) fi0~vz+ s.s ~ o z~s ~o sz ~,) ~ The Columbia series~ the second of this ~oup: compris~ re~n~

~ ~ 4.s ~ o a ~.~ s~o ~vs ~vs n~ a~uvial soils of fl~e mineral order. They od~upy the ~ream-bufit
ple No. 71) ........ 13-19 4. 8 10 0 43 ~5 156 360 205 7( ~ Rlong a~ ~ll~ nla. or s~re~lns ~1£~ l’~reSell~ the_ reeen~ or

~ ~ ~.~ ~ o ~ ~5 ~s ~ ~ ~ ~mporary deposits, of stream-borne ~diments washe~ ~ron~ a wide
su~s e~y ~o~m ~ ~S ~.~ ~ 0) <’) ~0 ~S ~0 ~S S variety o~ upper-valley soils and-roel~., The low to~oderate content~verage ot sin- ~ ~ ~. V 0)

[~
~0 ~0 ~ V0 ~ O~ fine Particles of m~ca suggests fl~at part~ at least~ o~ this material has

Pip~ fine sandy ~ 8.2 14 (’) (’) ~ ,,S~ ~0 ,,0 n( had its source m fl~e gramt~c rocks of the S~erra Nevada. ~fo~ of
9~)~°~ (~mp~’o. ~ s.~.s ~ (’(’~ (’)(’) ~3° 3,s~’u° s0~ ~5 ~:n~ the ~]umbia soil material has ~en deposited at times of h~

4~ ~ ~.s ~ e) e) ~s ~,~o ~ s~ s~’eam flow or floods, and i~ is more or less ~ratified, with the ~.ra~
~yae(ave~ge. Clayof loan,~m. 22-~89 5.46’0 ~15 00 45~ 3~210 ~00~0 ~a0n0 ~ 2~s~ ~0~ dipping away ~rom the crest of the stream-bufl~ ridges. It is rela-

8~2~ 5. 8 34 0 35 53 159 (~) ~p~es ~os. ~. ~, ~vely perme~.ble and is maintained in a mois~ condition ~he greater
and 6~ ............ ~ 5. ~ ~ 0 ~ ~ ~ ~O

(a) 0 ’ ~~+ ~.~ ~ o ~ ~s z0~ . ~ part o~ the year. ,These soils o~cupy the highest elevations o~
¯ delta. They ~re striMngly mottled wit}~, the rusg-bro~ and gray~ De~ed with wa~r cont~t five t~ that requ~ed for sat~tion. .stains indicati~ e o~ prolonged perils o~ o~ e~ow or o~ poor drainage.

, ~,t~o p~b~z ~ery ~o~. The Columbia soils o~ the delta area suppor~ a native cover o~ ~asses,, ~ot de~ml~a, woody shrubs~ and trees and represent the first zone o~ mineral deposi-
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~Iarginal areas o~ mineral soil, many o~ which are poorly drainedtion~ which li~ just above the second zone occupied by tim soils of the
Ryde series, a~ salty~ are utilized for pasture and grains. Beans, alfalfa~ vege-

The soils of the third member of this group, tim Sacramento series, tables, flower seeds, and pears are important crops o~" the better
are develooed on low-l~,ing flat in~erflu~ial positions intermedia~ dr~ed.al~uvial spils occupying the stream-built ridge. .
between the alluvial Columbia so~ls o~ the~tream-bmlt r~d~es and ~he ~rien~a~s, mainly Fi]~pmos~ ~urnish most of the hand labor neces-
organic soils o~ the delta basin.~ They lSve developed on the finer sary in intensh’e, cultivation of asparagus~, celery,. ~u~ar~ beets~, and
sediments deposited ~rom turbid waters of backwater overflow basins, o~13er crops commonly grown. Drainage, planting, and tillage oper-
Grasses and herbaceous plants cov~r the land~ and patches o~ rules and auons, l~owever, ar~ performed on an extensive scMe and wherever
~eds grow in the lower wet areas. ~though basically mineral, thes~ po~ib]e by modern~ highly mechanized farming equipment.
soils haw a comparatively high organic-matter con~nt, are dark~ and, _ The highlf, organic soils include Correra peat, Venice peaty muck,
~nlike the Ryd~ and thd Columbia soil~, ~haracterist~cally have so~ Staten peat~ muck~ Egbert muck, with its shallow and burned phases,
nodules~ mottlings~ or thin seams o~ segregated lime in the compact and

and Roberts muck. With ~he exception of Correra peat and Rober~
muck, which are inextensi~ e, these soils ~orm the central ~nd agricu!-heavy-textured iron-stained subsoils, turally hnp~’tant soils of the urea.Relationships between fl~e several more important soils o~ tim del~a

urea may be summarized as follows: The delta soils prbper occupy a Burns cla3 loam and the Piper and Ryde soils have b~n developed
network of mineral ridges (Columbia soils) along the major streams on fiItermiixgled and associated organic and mineral materials. Of

built up at tfin~ of hxgh wuMr. Below this~ as well as ~ong th~ these the Ryde soils are the most extensive and important.
minor ~oughs, is a slightly sloping zone occupied by fl~e ~3 de soils~ b" The alluvial minera! soils belong to th~ Sacramento and the Colum-
formed ~rom an admixture of fine-~ex~ured mineral sediments ~nd la serif. The Sacramento series includes dark soils developed on
organic accumulations. Below this intermedia~ zone and occupb~ng sediments deposited in flab backwater overflow basins and river bot-
the major part of the interfluvial units~ are the Sacramento soils and toms. The wolumbia series includes lighter co]ored~ better drained
the Venice~ Staten, E~bert~ ~ober~s~ Burns~ and Piper soils. The soils alluv~M soils of lower organic-matter conteng~ compared with the
of the last group ha~ e developed mainly from the rule-reed peat and . Sacramento soils, associated with the more elevated stream-bfi~t
are differentiated according to diff~ences in profil~ d¢~elopmen~ ridges. In agricultural us¢ tim Sacramento soils approad~ the Ryd~
decomposi~ion~ oxidation~ and mineralization. Encircling ~he whole~ soils. The Columbia soils, being better drained~ are utilized for
but not ~ definite part of the delt~i~lf~ is t~e marginal rim o~ mineral ~ small areas of alfa!fa~ flower and vegetable ~eeds~ and pears.
soils~ which repr~ents the in~rmediate~ transitional zone along the The soils of the delta margin~ mainly mineral in charac~er~ with
lower limits o~ the surrounding extensive valley plains.    ’ variable admix~ur~ o£ organic matter~ are developed on th~ materi~ls

of the valley plain and for the most part represen~ a transition
SUMMARY betw~n ~he organic soils of the flat and depressed river delta basin

and the better drained soils o~ the alluvial fans and valley floor.
Th~ Sacramento-San Joaquin delt~ area is in the west-central part They belong to several soil series that are described briefly ~ this

of the Grea~ Valley of ~aliforni~. It covers ~ ar~ o~ 481 square repor~ but are discussed in detail ~n other soil surveys.
miles~ or 307~840 acres~ most o~ which is occupied by organic soils
developed on rule-reed peat in various stages of decomposition and LITERATURE CITED
oxidation~ together ~ith an a~ixture of mineral alluvial sediment. (1) B~, ~ ~.~arrow meander~gb~nds o~ ~luvi~l soils~ associated wi~h stream- 1939. ~o~ o~ sAcm~sn~ ~OAQ~ wnw~. s~v~s~o~ FO~
built ridges~ traverse th~ areas of th~ organic soils~ which lie but Calif. Dept. Pub. Works, Dir. Water Resources, 132 pp., illus.
slightly above or even slightly below :s~ ~eve4 ~d which ar~ sur- (2) G~E~, E. ~., and Cosn~, S. W.
~ou~ded by mar~l mh~eral soils of ~he wlley pl~. [1934.] so~ SUm’E~ O~ W~E S~SU~ ~F~, C~O~.~. U. S. Dept. Agr.,

Bur. Chem. and Soils, Ser. 1930, No. 18, 60 pp., illus.
The native conditions promote an ex~ensive marshland vegetation. (s) ~ and Cos~, S. W.

~ost o~ the organic soils have b~n reclaimed ~y pro~ection ~rom [1939.] .so~ so,vEx" o~" C0~A C0SWA cou~wx~, CA~FO~A. U. S. Dept.
overflow by ~n extensive system o~ leve~ and b~ artificial drah~age. A~., Bur. Chem. and Soils, Set. 1933,No. 26, ~ p~., illus.
An intricate system o~ natural drainage cham~els ~nd artificial (4) ~s~, sr~ w.

193G. ~w so~s o~ c~on~,x. Amer. Soil Survey Ass~. ~ul. 26 : 102-1~.
canals forms ~ large number o~ islands~ or sb-c~lled tracts. Thee (~) ~ and CA~, E. ~.
islands now constitute one o~ the more hnpor~ant and unique ag~icul- 1937. so~ s~m,E~~ oF ~E ~ A~A, CA~0~A. U. S. Dept. Agr.. Bur.
rural sections of the Sta~. Chem. and Soils, Ser. 1932, No. 14, 52 pp., illus.

The clima~ o~ the area is characterized by hot, rainless smmners ~
(6) o~ows~-S~o~s, A~, p.

~nd cool, moist win~ers, with. ~’equent fogs. The mean annual rain-

:~

19~. ~ ~os~ws ~ ~sA, ~ c~A~s~c ~o~s A~ ~SS~-
CAW~O~. f~ Handbuch der ~Ioorkunde 7: 1-140, illus.

fall ranges in different pa~ from ~bout. 10. h~ches in the soufl~ern (7) ~o~, L. C., N~so~, J. W., and party.
part ~ about 18 ~ches in ~he central and eastern parts.    ~ , 1916. ~CO~0~SSA~C~ sore S~VE~ o~ W~Z SAO~A~0 ~,

Corn, potatoes, onions, sfigar b~, aspar~s, celery~ and otlier m~A. U. S. Dept. Agr., Bur. Soils Field Oper. 1913, Rpt. 15:

special vegetable and field crops ~re growh bn fl~e organic soils under ~
2297-24~, ~llus.

irrigation and a system of control of the shallow water table.
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LEGEND

ORGANIC SOILS ALLUVIAL SOILS

Correra Burns Columbia Clear Lake
peat clay loam sandy loam adobe clay

Egbert Colu mlJia ¯ Sacramento
muck loam loam

,"

Staten                                                             , .
peaty muck

~ Columbia Sacramento~ ,

~
silty clay loam clay loam

.~,.. ClVenice _ ~ ,.. "
peaty muck Shallow phase .

~ Columbia Sacramento
~ silty clay silty clay loam

Burned phase

Piper Roberts ~. Sacramento
fine sandy loam muck ~ adobe clay

clay

Piper-Egbert Sacramento
complex mucky loam o

MINERAL-ORGANIC SOILS
MIXED MINERAL AND ORGANIC SOILS

(General and special crops)

Ryde Ryde TER RACESclay loam silty clay loam WELL OR IMPERFECTLY DRAINED

:~;~ .’ ~[ Antioch Rincon" :~" fine sandy 16am clay,loam

~N " M optezuma Z amora
adobe clay loam

Shallow phase Shallow phase ’
L                                   Mz                Z.~

Ryde, Isilty clay

~- VALLEY PLAINS
¯ ~0 Oa.kley Herdlyn

~ ~< sand loam

~ kin6say
z clay loam

~rentwoo6 Narcuse ~
clay loam clay b
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